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Heavy Steel-Weld Fabricated parts like the piece illustrated 
above, and the parts and assemblies shown at the left, ordi 
typical examples of work produced by Mahon for hundred 
of manufacturers of processing machinery, machine tool 
and other types of heavy mechanical equipment. If you nee 
a complete special mechanical device or piece of equip 
ment, or if you require parts or assemblies involving larg 
heavy pieces where time and pattern costs are a considerc 
tion, you can turn to Mahon with complete confidence .. 
personnel and facilities are available within the Mahon plc 
to do the complete job from drawing board to finishe 
machining and assembly. You will find in the Mahon orge 
ization a unique source with ultramodern fabricating 
machining and handling facilities to cope with any type ° 
work regardless of size or weight... a source where desig 
skill and advanced fabricating technique are supplementet 
by craftsmanship which assures a smoother, finer appearin| 
job embodying every advantage of Steel-Weld Fabrica 
tion. See Mahon’s Insert in Sweet's Product Design File 
or have a Mahon engineer give you complete informatio 


THE RR. C. MAHON COMPAN 
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Engineers and Fabricators of Steel in Any Form for Any Purpose 
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For more information, turn to Reader Service Card, Circle No. 391 
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| Rolock makes 
this Dump Bottom Basket... 





Built LO [2 e 






in a heat treating casket. 


Though its days are white hot 


And more corrosive than not, 


* tr TVA THLE 


[t akways gives 
more than they ask ttl 
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...it’s wrought Inconel 


the cycle is repeated, yet the basket must retain its 
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How much can you ask of wrought Inconel® in high 


temperature applications? rapid dumping action. 


,; ‘iin Wrought Inconel has the strength, and the heat 
You get a hint of the design possibilities of Inconel ' 
, and corrosion resistance, to take all this easily. In 
from this dump bottom furnace basket made by 


ee addition, Inconel is easily fabricated and welded 
Rolock, Inc., Fairfield, Conn. 


by familiar processes. 





It’s designed to quench large loads of small parts 
quickly and uniformly. Weighing only 157 pounds, 


it must handle 1200 pounds of work. 


When used, the basket is dropped, fully loaded, 
into a pit-type furnace. There it remains in 1725°F. 
carburizing or 1000°F. nitriding atmospheres. Then 


it’s quickly removed and dumped. Time after time, 


ait, 





To help you take full advantage of the possibili- 
ties of Inconel in high temperature service, Inco has 
prepared a helpful high temperature work sheet. 


Write for a copy, today. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 


Inconel... for long life at high temperatures 


Inco Nickel Alloys 


For more information, turn to Reader Service Card, Circle No. 349 
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MORE ASBESTOS 
A large new asbestos mill recently started operations in 
Quebec. By 1956 it is expected to add 625,000 tons a year 
to the supply available on this side of the Iron Curtain - 
an increase of more than one-third over the present supply. 


ZIRCONIUM ALLOYS SEEM LIMITED 
Recent attempts to strengthen high=-melting zirconium by means 
of binary additions of chromium, columbium, molybdenun, 
tantalum, tungsten and vanadium have failed to produce alloys 
any stronger than Inconel or Type 310 stainless in the 1800- 
2200 F temperature range. However, some of the stronger 
alloys may be useful as structural materials in atomic energy 
installations where their low neutron cross sections are 
advantageous. 





| PLASTICS TOOLING 
Titanium aircraft parts are currently being hot formed at 
1000 F by means of plastics dies. . .. A recent M&M survey 
of the plastics tooling picture shows that, although phenolics 
and glass-reinforced polyesters are still being widely used, 
the trend is definitely toward use of cast and glass-reinforced 
epoxy resins for a majority of applications despite their 
higher initial cost. (A two-part report on plastics tooling 
will start in next month's issue.) 


DUCTILE ALUMINUM=-IRON ALLOY 
8 Vacuum melting has made possible the production of a ductile 
iron-aluminum alloy having excellent resistance to high- 
temperature oxidation. Excessive brittleness has previously 
blocked the development of satisfactory alloys in this system. 


RAYON TIRE YARNS 
The two companies producing so-called "Super" rayon tire 
yarns of exceptionally high strength and fatigue life have 
been joined by a third important producer. Meanwhile, 
another large company not now in the field is reported to be 
developing a rayon-type yarn for tires and other industrial 
products. 


TITANIUM BY NEW PROCESS 
Plans for the first commercial production of titanium by a 
method other than the Kroll process have been announced. The 
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process involves reduction of titanium tetrachloride by 

sodium instead of magnesium. The plant is expected to be in - 
operation sometime in 1956 and will turn out at-least 7500 

tons a year (see p. 13). 


| MODIFIED HYDROFORMING 
An aircraft manufacturer is reported to be experimenting wit! 

a forming process akin to hydroforming in which a neoprene zz. 
| blanket is used as the female die. Rapid inflation and : 
deflation of the bladder provides a series of hammer-like te 

blows during the forming operation. b 


NYLON AND CREEP 
Nylon has been so broadly accepted as an industrial material 0 
that many designers have been considerably surprised to find 
adequate creep data lacking. Data recently presented to the i 
ASTM seems to fill this gap. Now it seems possible that creep 
data may not be so important in the future, since irradiation 
seems to largely eliminate creep in nylon. However, irradiated 
nylon may prove too brittle for most idustrial uses. 


MATERIALS SPECIFICATIONS 
Among the materials covered by specifications now being 
developed by ASTM committees are hot dip zine coatings on 
fabricated products; clad steel strip for radio tubes and 
incandescent lamps; tin-coated copper sheets; copper- 
impregnated metal powder parts; and metal powder filter 
materials. 
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LOW=COST TIN-ZINC PLATE 
Steel can now be provided with a solderable zinc alloy plate 
at a price only slightly greater than that of an ordinary 
zine plate. The “zincaloy" plating bath is said to combine 
conventional zine and tin plating solutions in a new way. 
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NEW MILD STEEL WELDING PROCESS 
The advantages of inert-are consumable electrode welding can 
now be realized with mild steel. A new process combines 
specially coated mild steel wire, argon gas shield and 
straight polarity, together with improvements in standard 
welding equipment, to give high-quality welds at higher speed 
and lower cost compared with other manual and semi-automatic 
inert gas methods. 


CERAMIC=-COATED ALUMINUM 

Ceramic-coated aluminum sheet is now available. ItS com- 
bination of light weight, corrosion resistance and refractory 
qualities is expected to be particularly useful in aircraft. 
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DESIGNING WITH ALUMINUM 








This is one of a series of information 
sheets which discuss the properties of 
aluminum and its alloys with relation to 


design. Extra or missing copies of the 
series will be supplied on request. 
Address: Advertising Department, Kaiser 
Aluminum & Chemical Sales, Inc., 1924 
Broadway, Oakland 12, California. 
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NEW RESEARCH DATA SHOWS ALUMINUM 
PROVIDES REDUCED HEAT AND FRICTION LOSSES 


Tre PROBLEM of selecting the most 
suitable aluminum wrought alloy and 
temper for a particular application can 
be a bewildering task for one not 
thoroughly familiar with all of the 
possibilities. 


Although only about two dozen out 
of the list of nearly a hundred wrought 
alloys recognized by the Aluminum As- 
sociation are in fairly regular use, each 
of them is available in a variety of cold 
worked or heat treated conditions. 


Wrought alloys are available in 
three major classes of mill products: 
1) sheet and plate; 2) rod, bar and 
wire; 3) extrusions. They are generally 
used in one of these forms or as forg- 
ings, in which case the forging blank is 
ordinarily produced from one of the 
standard mill products. 


All of these alloys are not available 
in all four forms and it is usually pos- 
sible to halve the list of alloys to be 
considered on the basis of the type of 
product involved. (Table I indicates 
the forms in which the various alloys 
may be obtained.) 


Mechanical Properties 
Requirements 


Every design places certain minimum 
requirements on the mechanical prop- 
erties of the material from which it is 
fabricated. Thus, specified values of 
one or more of the following: yield 
strength, ultimate strength, per cent 
elongation, shearing strength, bearing 
strength, endurance limit and hard- 
ness, wili automatically eliminate cer- 
tain alloys and tempers from consider- 
ation. 


Because the different methods by 
which wrought alloys are produced 
result in different amounts of plastic 
working of the metal, a given alloy 
may exhibit slightly different typical 
strengths in different forms. 


The designer will recognize, of course, 
that mechanical properties differ widely 
among the various alloys available. 
Therefore, he must often find a single 
suitable alloy with the best combination 
of the various properties. To aid the de- 







































































TABLE | Alloy Availability 
| r 
P | Rolled or Rolled & Drawn Extrusions 
Designation Round | Rivet | Screw Rolled | Bowed Hex Tube 
— Sheet | Plate | Drawn | Wire & | Machine|& C.F.|Welding| Forge | Wire & Solid & | Hollow! Drawn |Forgings 
New | Old Wire Rod Stock | Rod | Wire | Stock Bar | Rod |Bar |Shapes | Pipe {Shapes} Tubes 
EC A S S S S S 
} 110} 2s} ajtala a S S A A 
| 11S a A A S a a 
4 14S; A a A S a A a A a A 
17S A A 4 A A A A(*) 
| } 18S A AC’) 
4) 24S] A A a A A a a a A 
25S 4 4 
Al7S A 
B18S A AC? 
3S} A 4 Si) } S S S S 
4S| A a S 
4 32S a Ai?) 
404 43S S 
05| KISS; A | A 
30; SOS] A A S 
52} 52S] A A s Ss Ss 
36; 56S a 2 
53 |LK183 A(? Sis S S S 
86| Kig6| A TA 
57| KIS7 | A 
$3/ 53S sis] § S S 
61) 6IS| A A A S S i AIA 7 a a A o 
‘ 62S ALA 4 A f 
: 63S AIA A A A 
ASIS A A 
75S] A A AIA A A a 
A= Available. S = Special Inquiry. 


pecial purpose alloy. Bright finish alloy used for decorative purposes only. Strength comparable to 3003 or 5005. 


= 


~ 


argely replaced by 6063 


ener cost justified only when appearance is of maximum importance 
&” strength alloy. Used for heavy weidments where strength greater than 5086 is desired. 


‘ructural members to be assembled by welding. Strength greater than 6061-0 or T4. Less than 6061-T6. 


osolescent alloy, generally replaced by 6061, 6062 or 6063 
argely replaced by 2014 


gh temperature service. Internal combustion engine pistons, etc 
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CHOOSING A WROUGHT ALLOY 


signer, we have prepared typical me- 
chanical and physical property tables 
on the various alloys. These tables may 
be obtained by writing to: Kaiser Alu- 
minum & Chemical Sales, Inc., Industrial 
Service Division, 51176 Kaiser Building, 
Oakland 12, Calif. 


If the design has not reached an aa- 
vanced stage it may sometimes be al- 
tered to compensate for a deficiency in 
one aspect of a material having other- 
wise desirable characteristics. Sound 
engineering judgment is the only guide 
at this point. 


Of equal importance is the ability of 
the material to retain its properties in 
the environment to which it will be ex- 
posed in service. In general, it may be 
said that alloys 1100 (2S) and 3003 
(3S) are most corrosion resistant, fol- 
lowed closely (even exceeded in some 
environments) by the 5000 and 6000 
series. Least resistant of all are the 
2000 and 7000 series. (The reader is 
referred to No. 4 of this series “De- 
signing with Aluminum” for a more de- 
tailed discussion of the corrosion re- 
sistance of aluminum alloys.) 


Appearance, 
Ease of Operation, Cost 


Having narrowed the choice of alloy 
and temper to those which will provide 
adequate strength and corrosion resist- 
ance, the final selection must be made 
on the basis of three other factors 
which are somewhat inter-related. 
They involve the appearance, suitabil- 
ity for intended method of manufac- 
ture and the cost. 


Obviously, appearance of the fin- 
ished product will not be a factor in 
all cases, but in some it may be para- 
mount. If appearance is important, the 
ability of the material to respond to 
chemical or mechanical polishing must 
be considered. The color after anodiz- 


PLEASE TURN TO NEXT PAGE 
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ing depends on the nature and the 
quantity of alloying elements present. 


The brightest and clearest surface 
available is that of 5357 (K157) which 
is used for light reflectors and for dec- 
orative trim in much the same manner 
as stainless steel and chrome plating. 
Only slightly less clear are alloys 5005 
(K155), 5050 (50S) and 6063 (63S). 
Alloys containing manganese (3000 
series) tend to show a yellowish color 
in the anodized coating while those 
containing sizeable amounts of mag- 
nesium exhibit a brownish-grey color. 
The 2000 series of alloys (containing 
copper) also yield dark anodized coat- 
ings unless used in clad form. 


Matching Colors 


One very important aspect of this 
problem which is too often overlooked 
is that of matching colors in different 
types of products. 


As an example, it is usual practice to 
make the structural frame of a storm 
door from 6063 (63S) extrusions. The 
panels and/or kick plates do not re- 
quire a strong alloy and it would be 
most uneconomical to use 6061 (61S) 
sheet for this purpose, and even if used 
it would be very slightly darker in 
color. While 3003 (3S) has adequate 
strength its color would be noticeably 
darker than that of the 6063 frame. 
The logical choice would be 5005 
(K155) which matches the 6063 very 
nicely in color and the 3003 in strength 
and cost. 


If cast alloys are involved in the 
finished product the problem of color 
matching becomes even more critical, 
since many of the casting alloys con- 
tain a high percentage of silicon which 
anodizes to a dark grey color. And, if 
parts are to be assembled by welding, 
care also must be shown in the choice 
of welding wire. Even when the weld- 
ing wire is of the same alloy as the 
metal being welded, the bead is apt to 
be noticeable after polishing and an- 
odizing. 


Suitability 
for Production 


In checking the suitability of the metal 
for the intended method of manufac- 
ture the engineer must answer ques- 
tions of the following nature. 1) Can 
the alloy be formed easily? 2) Will it 
machine freely? 3) Is it weldable by 
shielded metal arc? Or shielded tung- 
sten arc, gas welding, resistance weld- 
ing? 4) Can it be brazed, soldered? 


16 





TABLE Ill Relative Fabrication Rating 




















Alloy and Cold Suitability for Welding 
Temper Work Machining | Brazing | Arc]Gas| Resistance 
1100-0 | E4 G E EiE E 
1100-H18| G G E E/E E 
3003-0 E+ G E E/E E 
3003-H18 | F+ G E Bie E 
3004-0 E+ G E |G E 
3004-H38 | F+ G —E/G E 
2011-T3 | F E NS P| P G 
2011-T8 | P E NS Pi P G 
2014-T4 F E NS ri? P 
2014-T6 | F- E NS Fi P P 
Clad 2014-T4 F E NS ae P 
Clad 2014-T6 F E NS Fit P 
2017-0 E G NS P| P F 
2017-T4 F E NS rie F 
2117-T4 | G- E NS rae F 
2018-T61 E NS Pi P P 
2024-0 E G NS P| P F 
2024-T3 F- E NS P| P G 
2024-T36 | P+ E NS PIP G 
Clad 2024-T3 F E NS P| P E 
Clad 2024-136 | F E NS P| P E 
2025-T6 G NS P| P P 
4032-T6 F NS Pee P 
5050-0 E+ G G E/E E 
5050-H38| F+ G G £1. E 
6151-T6 G E E/E E 
5052-0 E+ G F E|G E 
5052-H38 | F+ G F E |G E 
5086-0 E G NS G 
5086-H36 | F G NS G 
6053-T4 | G- G E Se. E 
6053-T6 | F+ G E E/E E 
5056-0 E G 
5056-H38 | G G 
6061-0 E G E E/E E 
6061-T4 | G G E Re. E 
6061-T6 | G- G E E/E E 
6063-T5 | G G E EJ E E 
6063-T6 | F+ G E EJ E E 
7075-0 E G NS riv F 
7075-T6 | P E NS riP G 














These ratings are relative for aluminum alloys and should not be 
used for comparing aluminum with other metals 
E =Excellent, G=Good, F =Fair, P=Poor, N.S. =Not Suitable 














For example consider a deep drawn 
part requiring good corrosion resistance 
with a yield strength in excess of 35,000 
psi. Here are four possibilities: 


5052 -H36 .. . YP=35,000 
3004 -H38 . . . YP==36,000 
5052 - H38 . . . YP=37,000 
Clad 6061 - T6 . YP==37,000 


The 3004 alloy will probably not 
qualify because its corrosion resistance 
is less than the others. Table III shows 
that 5052 is not very suitable for cold 
working in the harder tempers. On the 
other hand, clad 6061 is excellent for 
forming in the O temper. The part 
might also be deep drawn after solu- 
tion heat treating (W condition) and 
precipitation-hardened to the T6 con- 
dition after forming. If the required 
draw were not too deep it might be 
possible in 5052-H36 and the resulting 
savings in heat treating costs would 
make it worth investigating. 
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Material Costs 


Most designers find it nec. 
keep the cost of their finished ducts 
to the lowest possible figure. wu 
to accomplish this it is necessary ; 

consider the choice of an alloy « arly in 
the design, because the cost per pounq 
of metal does not tell the entire sto, 

In the case of a welded pressure veggo! 
alloy 5086 (K186) costs approxi. 
mately 1.3 times as much per pound 
as alloy 3003 (3S) yet its allowable 
strength is 2.6 times as great. The re. 
sult is that much less material is needed 
and the final material cost of the more 
expensive (per pound) alloy is only 
one-half as great. 


iTy t 


Cost in Production 


Similarly, cost must be considered in 
relation to method of manufacture 
Suppose that a requirement exists 
for a screw machine part to be made 
from 1.5 in. round rod, and that the me. 
chanical properties of 1100-F (25-F) 
are adequate. The 1100 alloy would 
cost less per pound, yet 2011-T3 (11S- 
T3) would probably be a much more 
economical choice because of the 
greater ease with which it could be 
machined. 


It is difficult to give cost data upon 
which to base comparisons of the sort 
shown above since the price per pound 
of a given alloy is a function of many 
things: 1) the amount of work done 
in reducing it to the desired gauge, 2) 
the quantity ordered at one time, 3) 
the need for special tolerances, among 
others. Comparisons of the kind made 
here require an exact knowledge of the 
sizes and quantities of material in- 

.volved and the availability of a com- 
plete price book. 


More detailed assistance with de- 
sign, alloy selection and fabrication 
procedures are obtainable through the 
Kaiser Aluminum sales office listed in 
your telephone directory, or through 
one of our many distributors. Kaiser 
Aluminum & Chemical Sales, Inc. Gen- 
eral Sales Office: Palmolive Bldg., Chi- 
cago 11, Ill.; Executive Office: Kaiset 
Bldg., Oakland 12, California. 
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The 
need for 
engineers 


Recently much has been pub- 
lished about the shortage of en- 
gineers in this country. Usually 
such items wind up with a com- 
parison of engineering educa- 
tion in this country and in 
Russia. In seeking an answer to 
the problem those responsible 
for developing programs to re- 
cruit engineers seem to overlook 
one highly essential factor. En- 
gineering careers should be 
made to appear attractive to 
prospective young men and 
women. 

When one stops to consider, 
engineering can be extremely 
interesting and highly satisfy- 
ing. Many developments now— 
as in the past—have all of the 
elements of the most imagina- 
tive drama. The trouble is many 
engineering achievements are 
never talked about in such a 
way as to catch the imagination 
of impressionable young people. 

Today every field is obliged 
‘0 recognize that competition is 
ntense for the minds and atten- 

ons of all humans. There is 
rong competition among all 
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communications media; among 
entertainment media; and 
among careers. 

Today it seems that most 
of our young people start grow- 
ing up with a desire to be in the 
field of entertainment. They 
want to be actors, musicians, or 
even disk jockeys on radio. 
What seems to be sought is fame 
and recognition and money. To 
the outsider, most of these 
careers offer all of these things 
quickly and with very little ef- 
fort. 

On the other hand, most 
young people look at engineer- 
ing as something which offers 
little but dreariness and hard 
work. Mathematics, an essential 
to any engineering career, is 
difficult to understand and re- 
quires much study. It is much 
easier to study history, philoso- 
phy or some other subject which 
can be absorbed by merely read- 
ing or listening to a professor. 


No simple solution seems to 
offer itself. Possibly the com- 
mittees concerned with develop- 
ing scientific and engineering 
manpower should engage in 
some long range educational 
programs designed to glamorize 
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these fields. From time to time 
we see some attempts of this na- 
ture, but there is much room for 
improvement. 

Too, individual companies 
whose future depends upon a 
constant supply of engineers 
should seek methods by which 
engineers responsible for out- 
standing developments can be 
given public recognition. Some 
companies already are taking 
some steps in this direction by 
encouraging their engineers to 
prepare technical articles and 
present papers about their work. 
However, this only goes part 
way. 

A certain number of young- 
sters will always be interested 
in science and engineering. It 
appears that as our civilization 
moves ahead, the number need- 
ed will multiply. Thus we must 
encourage many more to enter 
these fields than would natural- 
ly lean toward them. To do so 
will require much more imagin- 
ation and positive action than 
has been shown up to the pres- 
ent time. 
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Caterpillar quality control 
inspires Ryerson certification 
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; It was 1935—Caterpillar pioneering in quality testing for hardenability in our own laboratory, 

L control— was concerned about the uniform quality 6. interpreting hardenability, 7. final inspection 

" of alloy steels from warehouse stock. before shipment, 8. furnishing Certificate of anal- 

4 Ryerson wished to serve its customers in the ysis and guide to heat treatment. 

\ best possible manner. We sent our metallurgists After two years of preparation— we announced 
to Caterpillar and asked them what could be the Ryerson Certified Alloy Steel Plan in 1937. 
done that wasn’t being done. And now—not only Caterpillar but all other 

Caterpillar pointed out that in the heat treat- alloy steel users can buy high uniform quality 
ment of parts there can be as much difference in alloys from Ryerson warehouse stocks with com- 
behavior between two mill heats of the same type plete confidence. The plan takes time and money 
composition as between two heats of different but has been helpful to Caterpillar—and we be- 
type composition. To emphasize this fact, they lieve—-even more helpful to companies without 
cited a statement in the AISI Manual that it the elaborate testing facilities of Caterpillar 
would be false and misleading to assume all Tractor Co. 
steels of a given composition are the same. It just happens that Ryerson is one of four 

Ryerson accepted the challenge and began companies that have been serving Caterpillar 
laying the groundwork for a quality control since their founding—so we are particularly 
program which would include—1. selecting mill happy to tell this story of progress in quality 
heats, 2. spark testing and carefully segregating control—inspired by Caterpillar on this, their 
every heat, 3. identifying each heat by heat 50th anniversary of service to America and to 
symbol, 4. color marking for AISI number, 5. the world. 


Principal products: Bars, structurals, plates, sheets, tubing, 

alloys, stainless, reinforcing, machinery, & tools, etc. , 
JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK © BOSTON © PHILADELPHIA * CHARLOTTE, N. C. © CINCINNATI © CLEVE 
DETROIT © PITTSBURGH ¢ BUFFALO *® CHICAGO © MILWAUKEE ¢ ST. LOUIS © LOS ANGELES © SAN FRANCISCO © SPOKANE * SH 
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Silicon Nitride-Bonded Silicon Carbide Compared to Other 
Refractories 





Materials 


Prope 
. Silicon Nitride 


Bonded Silicon Regular Bonded Low Silica 
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Carbide Silicon Carbide | Fused Alumina Fireclay 
# : 
Ssity, Ib 0.103 0.092 0.104 0.07-0.09 
herma! Cor ftu/ ne 
sq ft /in. Fat 2200 F 114 109 24 13:5 
seflof Exp per F: | 
(77 to 2550 F) 2.7 x 10°86) 2.4x 1074 4.1x 106 3.3x 10% 
gn Spec. Ht, Btu ib ; 
*F. (32 to 2550 F) 0.28 0.28 0.27 
bosity, %o 6.0 13.2 21.9 ct 
d of Rupture at Ae 
2460 F, psi 5600*"” 2000 200 110 
1730 F Load Test ot 25 
ib ‘sq in.—Contraction | | 
Cold, % 0.0 0.1 0.5 14-18 
Es ditional Thermal Expansion Data (b) Additional Modulus of Rupture Data—psi 
77— 390 e 181 x 10~* 77 F 5500 
97... 750 F 2.09 x 10° 1290 F S500 
77-—1110 F 2.26 x 107% 1830 F 7000 
o7__ 1470 F 2.38 x 10-* 2730 F JO00 
77—1830 F 2.48 x 10-* 
77—2280 F 2.61 x 10-* 
0.050 - IMPINGEMENT TESTS DIRECT ABRASION TESTS 
Groin used for blast Abrasive grain used 
Y Ay 
Zircon Pa [| Fhe a 
0.040} 0.040, : 
Aluminum Silicon 
oxide j carbide 
c £ 
0.030 Silicon Y st 0.030r- 
5 E carbide y; Y 3 
ins a) ; 
ZaYAeH : = 
ZAG : 2 
4 Y) ZY : = 
0.020 Y) Y 2£.0.020}- = 
AVE : 
YAY ls 3 = 
g S = = 
Y Yj 6 Soe pa 
0.010 Y Z = 0010 fe = 
; AWD a ol LE = 
Silicon Regular Duro Paving Silicon Reguicr Duro Paving 
Nitride bonded Brick Brick Nitride. bonded Brick Brick 
bonded = Silicon bonded = Silicon 
Silicon Carbide Sificon 
Carbide Car bide 


= Impingement tests (left) and direct abrasion tests (right) show superiority of silicon-nitride- 


4 bonded silicon carbide over other materials. 


A promising new material for high temperature parts— 


Specially Bonded Silicon Carbide 


New bonding material—silicon nitride—makes possible: 


GOS SIA I at 


* High temperature strength twice that 
of regular grade 
* Closer tolerance parts 


* High abrasion and corrosion resistance 
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by W. L. WROTEN, 


Refractories Div., The Carborundum Co. 


@ IN ADDITION to its usual roie in 
rory appli ations bond d silt 
on carbide has been used for several 


years as a replacement for metals 
(see Materials & Methods, Nov. 
1951). A new version, silicon-ni- 
tride-bonded silicon carbide has been 
developed by The ¢ arborundum Co. 
This material called Refrax promises 
to extend the field of application of 
silicon carbide. 

Refrax has a number of points of 
superiority over the regular grades 
of bonded silicon carbide. It has 
greater heat shock resistance, greater 
load carrying ability at high tempera- 
tures and somewhat superior thermal 
conductivity. Further it can be pro- 
duced in intricate shapes to accura- 
cies of -- 0.005 in/in. with or with- 
out external or internal threads. 


Properties 


To give some idea of the relation- 
ship between the new silicon-nitride- 
bonded silicon carbide and other 
more common refractories, character- 
istic properties are given in a table. 
The density is about the same as 
fused alumina and somewhat greater 
than fireclay. The thermal conduc- 
tivity is ten times that of fireclay 
and somewhat greater than the regu- 
lar bonded silicon carbide. The co- 
efficient of thermal expansion and 
the specific heat are roughly the 
same as fireclay. 

The superiority of this new mate- 
rial, however, is shown more clearly 
in its high temperature strength. At 
2450 F, Refrax has a modulus of 
rupture of 5600 psi compared with 
2000 for regular bonded silicon car- 
bide, 200 for fused alumina and 110 
for fireclay. 

Since silicon-nitride-bonded silicon 
carbide will be expected to compete 
with the heat resisting alloys in high 
temperature applications, some compa- 
risons are interesting. The density of 
the new material is about 40% of that 
of the chromium-nickel stainless steels 
and the thermal conductivity is about 
70% except at higher temperatures, 
where it is still closer. With a co- 
efficient of expansion only 1/, that of 
chromium-nickel stainless steels and 
only 37% of those of the straight 
high chromium steels, the problems 
of high temperature expansion are 
somewhat less acute. It is not pos- 
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SOME PARTS APPLICATIONS 


REFRAX BOLT at right resists corrosive conditions at high temperatures. 
Nut made of the same material turns easily on standard metal bolt 


and is strong enough to permit tight connections. 





sible to compare the strengths of the 
new material with stainless steels at 
2400 F since the steels cannot be 
used at temperatures as high as this. 

The corrosion resistance of this 
new bonded silicon carbide is some- 
what better than that of the regular 
bonded silicon carbide product. It is 
resistant particularly to acids and 
acid salts. It can be used for the 
handling of highly corrosive liquids 
at room and elevated temperatures 
including such materials as mixed 
chlorides and the sulfates of iron, 
zinc and tin containing free acids. 

The new product also has excel- 
lent resistance to abrasion. Results 
of impingement and direct abrasion 
tests on several materials are shown 
in graphs. The impingement test 
was performed on a sand-blast ma- 
chine called the Zeiss hardness tester. 
In operation this machine directs a 
blast of air against the surface of 
the material to be tested while a 


definite volume of abrasive grain is 
fed into the air stream. The depth 
of material abraded from the speci- 
men is a measure of the resistance 
to impingement. In this test, silicon- 
nitride-bonded silicon carbide was 
superior to regular bonded silicon 
carbide and both materials were far 
superior to acid-proof brick and 
paving brick which were included 
for comparison. 

The direct abrasion test was run 
on a machine developed by the Na- 
tional Bureau of Standards. Essen- 
tially the test consists of revolving a 
notched wheel in contact with the 
specimen while feeding loose abra- 
sive grain under the wheel. The 
volume of material removed indi- 
cates the relative resistance to abra- 
sion. In this test also, the new ma- 
terial was superior to regular bonded 
silicon pels: acid-proof brick and 
paving brick. 

In heat shock resistance, extensive 


THREADED 
NOZZLE used in burning 
acid sludge accommodates 


coupling. 


BURNER TIP for use in ceramic kiln at 3200° 
produced from silicon-nitride-bonded sili- 
con carbide which has low thermal expon- 
sion and withstands high temperatures. 


REFRACTORY 


standard %/,-in. metal pipe 


tests have shown that this materia 
is two to three times better thar 
regular silicon carbide. 

These properties indicate that Re 
frax is a valuable addition to the 
field of materials which can serve 
under high temperature, corrosive o! 
abrasive conditions. It also has an- 
other advantage for it can be pro 
duced in shapes which are quite 
unusual for refractory materials 


Possible Shapes 


This refractory can be produced in 
sections considerably thinner than 
those obtainable with other refrac- 
tories. Depending on the over-all 
dimensions and other characteristics 
of the part, sections as thin as 1/4 10. 
can be produced. 

Parts can be held to tolerances 0! 
+ 0.005 in. with surfaces as smooth 
as those obtained on many metal 
castings. Complicated shapes can b 
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made ¥ either internal or external 
is. Standard pipe fittings in 


threads 
eS in. and larger can be 
JLo ‘ 


produ readily Standard bolts 
have furnished also and tests 
have wn that these bolts have 
thread ich are two to three times 
. stt as similar threads on 
graphite parts 


Applications 


An outstanding application of the 
new material is in part holders for 
continuous brazing operations. In 
making squirrel-cage type bearings. 
for example, use of this production 
method was forestalled by the in 
ability of alloy holders to carry the 
weight at brazing temperature. Re- 
fractory supports, however, give 
better than 150 trips without defor- 
mation, require no refinishing or 
grinding to maintain bearing accur 


15 that 
holders can be 


acy and the cost is about 1 
of alloy. Refrax 
made for both simple and intricate 
pieces. Molds for the refractory 
parts, which show practically no di- 
mension changes during firing, are 
produ ed directly rrom models 


Because of its electrical and heat 


resisting characteristics, this material 


makes an excellent microwave ab- 
sorbant, capable of being used for 
well-matched wave guides or termi 
nations, 


Other applications are just devel. 


oping for Refrax. Because of its 
corrosion resistance, it is used for 
acid spray nozzles. These nozzles 


are formed with standard dIpe 
threads and are fastened directly to a 
metal line with a standard metal 
pipe coupling. 

The ability to take a standard 
thread is utilized also in the produc- 


tion of test racks for flame impinge- 





























SP 


withstands severe heat shock. 


ECIMEN HOLDER used in flame testing various materials produced from the new refractory 


RABBLE ARM used in ore roast- 
ing operations resists wear, has 
high hot strength and resists 
high temperature corrosion. 


ment tests. These racks are made 
with threaded holes into which bolts 
are inserted to hold the metal speci- 
The rack is able 
to withstand the testing temperature 


mens for testing. 


without difhculty. 
[he material is not wet not 


attacked by molten aluminum and 
several applications are 
these Aluminizing steel 
wires, die casting aluminum parts 
and pumping molten aluminum are 
but a few of the jobs in which it ts 
used because of these features. 
Another use made possible through 
this non-wetting property, coupled 
with heat shock resistance, is casting 
aluminum housings around Refrax 
shapes. Pump impellers for handling 
corrosive materials are also under 
investigation. The ease of producing 
close-tolerance parts is a major factor 
in promoting their use for the pur- 


pose. 


based on 
properties. 






REFRACTORY COUPLING at left has threads 
of the same size and pitch as the metal 
coupling resists 


coupling. The refractory 


hot acids and acid salts. 
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> For versatile multicolor lacquers it has been only a short step from caskets and baby furniture mix 
f to business machines, TV sets and other industrial products. (Maas & Waldstein Co.) er 
COM 
| the 
¢ 
; 
™” = + + ao s ” 
iS Three different colors in a single application with 
my * 
r= 
1 
kt 4 
ba) : 
= 4 
= —a new product finish that is attractive, edhe rte has er gi sere yw 4 
ym) aia ; O spray on a striped or polka : 
durable and can be sprayed on 5 mils thick. paint, pate sae of vith now i 


on the market is only slightly less 
fantastic. It provides, in a single 
application, a finish of two, three 
or more different colors. In addition, 
this multicolor finish may be pro- 
duced in various textures, it is thick 
and durable, and its cost for many 
applications appears to be compat: 
able to that of conventional organic 
finishes. 

Simply described, a multicolor lac- 
quer 1s two or more nitrocellulose 
lacquers suspended in water and 
stabilized to prevent blending of the 
difterent-colored particles. These pat- 
ticles remain separate during applica: 
tion and drying, and they are large 
enough to form a distinct color pat: 
tern. Many different particle shapes 
are possible. M 
A typical three-color pattern—life-size. (Maas & Waldstein Co.) Actually, multicolor lacquers are i tio 


by JOHN B. CAMPBELL, Associate Editor, Materials & Methods 
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; old. It has been only 
, tly, however, that they 
fairly 
from a wall finish for 
applications, where they 
in accepted finish for in 
ducts. 
rl elopment of commercial 
paints 1s based on U. S. 
patent Jo. 2,591,904, issued in 1952 
to John C. Zola of Arcadia, Calif. 

Licenses under this patent are con- 
trolled by Coloramic Coatings, Inc., 
of Los Angeles and the first pro- 
ducer of multicolor lacquers was 
Paramount Paint & Lacquer Co. of 
that city. It was followed by Maas 
& Waldstein Co. of Newark, N. J., 
which contributed greatly to the com- 
mercial development of multicolor 
lacquers and is reported to be the 
largest su oplier at the present time. 
Many additional suppliers have en- 
tered the field and multicolor lac- 
quers are now being produced under 
a great variety of trade-names. 

“Most suppliers offer both standard 
single colors and selected mixtures 
of colors. They also provide addt- 
tional single colors or mixtures to 
order. The single colors may be 
mixed as desired by the customer. 
One company lists 20 standard single 
another has 38. Although 
there are an infinite number of pos- 


mult! 


colors: 








Mult 


tion for TV cabinets. 
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sible color combinations, some favor- 
ites have developed. One company 
reports a preference for a white back 
ground with gray and yellow specks 
Another lists gray-white, brown-red, 
white-pink, white-yellow, green-yel 
low and ivory-brown as most popu 
lar. Simulated textures such as ma 
hogany and light oak also appear 
to be in demand. 


especially ror 
furniture. 


Advantages 


Following are the major advan- 
tages of this new type of paint: 

1. A multicolor finish can _ be 
obtained in one application. With 
conventional paints as many applica- 
tions as colors are ordinarily required 
and each color is only superficial. 
Attempts to spray two or more 
paints simultaneously have not been 
highly successful. 

The multicolor feature itself has 
several advantages. Surface wear and 
minor scratches are hard to detect 
because of the multicolor pattern and 
the fact that it is continuous through 
out the film thickness. Thus, filling 
of minor cracks, checks and damaged 
areas, and ‘‘feathering’’ of tapes used 
to cover joints can often be elimi- 
nated. Also, color matching is 








olor lacquer on wood or masonite is an attractive, durable and economical combina- 


simplified because slight differences 
in shade are not so apparent as in 
solid colors. Thus severely damaged 
areas can be effectively retouched. 

2. A special texture, 
simulated leather or stippled, can be 


SUC h as 


obtained in one application without 
procedures oO! 
The texture may be in one or more 
colors. Conventionally, stippled fin- 
ishes are produced by mechanical 
treatment of the surface immediately 
after coating. 

3. A single coating as thick as 
5 mils can be applied. Ordinary 
lacquers are limited to a single-coat 
thickness of one or, at the most, two 
mils; thicker coatings tend to sag, 
run, wrinkle, alligator or even blister. 
When properly formulated and ap- 
plied heavy, a multicolor finish is 
tough and has extremely high 
abrasion resistance. It resists contin- 
ued scrubbing with mild alkalies or 
normal household cleaners. 

4. The relatively large particle 
size of the suspension means that a 
porous surface can be coated without 
previous sizing. 

5. Porosity of the finish can be 
controlled within a wide range. It 
may be microscopic, or it may have 
scatter sufficient to allow an under- 
coat to show through. 

6. A minimum of overs ray is 
produced in spraying these ftahes, 
so that costly masking operations 
ordinarily required can sometimes be 
eliminated. 


additional equipment 


Probably the most important disad 
vantage of a multicolor lacquer 1s 
the inherent porosity that limits its 
usefulness in outdoor applications. A 


certain amount of porosity is not 
surprising in a finish which is 


applied in the form of relatively 
large, discrete particles. However, 
although the more conservative sup- 
pliers do not recommend multicolor 
lacquers for outdoor applications, 
especially on metals, these finishes, 
applied over properly formulated 
primers, are being used for more 
than one outdoor application with 
apparent success. Furthermore, there 
are indications that porosity can be 
reduced somewhat by certain changes 
in formulation now being in- 
vestigated. 


Uses 

The peculiar characteristics of 
multicolor lacquers make them espe- 
cially suitable for these types of 
applications: 

1. A finish for rough surfaces. 
Applied heavy, the lacquer produces 
a finish that appears smoother than 
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the original surface. 

2. A finish for adjacent surfaces 
of different absorbent properties. Ap- 
plied heavy, the lacquer tends to 
obscure the difference between the 
two original surfaces. A good exam- 3. A finish 


another board. 


ple is a rough wooden article where 
the end of a board may be adjacent 
to the smooth planed surface of 
Another is a cabinet 
made of both wood and masonite. 
porous surfaces. 4 





Examples of surfaces th: 
finished satisfactorily with 
coat are composition boa 
boards, soft unfinished wood 
fabrics and paper. 

An attractive finish 





How a Multicolor Finish Gets That Way 


The key to a multicolor finish lies in the formation 
of individual droplets of coating material which are 
large enough to be visible, and which retain their 
separate identities in the dry film. Since the individual 
droplets do not mix they may be of different colors. 
When dry, the particles form a pattern in which the 
colors occur in a statistical distribution according to the 
color proportions selected. 

As applied, a multicolor finish consists of a coating 
material dispersed or suspended in a liquid with which 
it is relatively immiscible. The preferred dispersing 
medium is water containing a stabilizing agent. Unlike 
lacquer-in-water emulsions, these suspensions are not 
appreciably affected by small amounts of electrolytes dis- 
solved in the dispersing medium; hence ordinary tap 
water can be used instead of distilled water. In addi- 
tion to a stabilizer, the water may also contain other 
agents to adjust pH or surface tension, both of which 
affect particle size. 

The stabilizing agent, which may be either organic 
or inorganic, is generally a colloidal material more or 
less soluble in the water. The stabilizer apparently forms 
a protective layer around individual particles of coating 
material, causing them to repel each other and remain 
discrete. For nitrocellulose lacquers and other coating 
materials containing the same kind of solvents, such as 
mixtures of the organic alcohols, ethers (or esters) 
and hydrocarbons, the best known stabilizer appears to 
be methyl cellulose (viscosity: 15 cps) in amounts of 
0.3 to 2% by weight of the dispersing medium. Many 
other agents are suitable as stabilizers. For synthetic 
enamels and oil-base paints, which ordinarily contain 
aromatic and aliphatic hydrocarbons as their solvents, 
medium-viscosity polyvinyl alcohol in the amount of 
0.5 to 5% has been recommended. 

Theoretically, any coating material is suitable provided 
it does not contain too high a proportion of water- 
soluble solids nor too high a proportion of water- 
miscible solvents, and provided an appropriate stabilizer 
is used. Possible coating materials include nitrocellulose 
lacquers, various synthetic and natural resin enamels, oil- 
base paints, solutions of polymerized synthetic resins 
(such as vinyls, acrylics, styrenes and ureas), water-in-oil 
type emulsions of these materials, etc. However, multi- 
color finishes now on the market are primarily of the 
cellulose lacquer type. Development of other types has 
been obstructed by serious stability problems. 

The major difference between the lacquer in a multi- 
color finish and a conventional lacquer lies in its much 
higher viscosity. Since the aqueous dispersing medium 
acts as a thinner, the lacquer solvents need not be 
relied upon for thinning, and a high solids content is 
possible. High viscosity promotes a thicker film and less 
penetration on a porous base. The particles of a high- 
viscosity lacquer also tend to retain their shape after 





being applied to a surface and to harden without sy}. 
stantial change in shape. This property makes Possible 
definite controlled patterns and textures. 

A single-color dispersion or suspension is formed by 
pouring the lacquer into the water and agitating the 
mixture to break up the lacquer into the desired Particle 
size. The optimum ratio of lacquer to water depends 
on the lacquer and the stabilizer but 4.0 is about the 
maximum desirable; in greater proportions, the lacquer 
tends to coalesce in time, resulting in poor shelf life. 
The ordinary range is 1.0 to 3.0 for thick, dense film; 
and correspondingly less where an open or porous finish 
is desired. The suspension can also be prepared with « 
minimum of wate: and then adjusted to proper con- 
sistency before application simply by adding tap water 
and stirring. Excessive water produces an inferior film, 
apparently because the particles have time to coalesce 
before all the water evaporates. 

A multicolor finish is a multiple suspension that can 
be made in either of two ways. One method is to pre. 
pare a single-color suspension with excess water and 
then mix in the additional lacquers one at a time in the 
desired proportions. Another method is to prepare 3 
separate suspension of each lacquer and then mix them 
together in the desired proportions. The second method 
is preferable since the amount of agitation given each 
lacquer, and hence its particle size, can be more easilj 
controlled. 

The decorative effects that can be obtained with ; 
multicolor finish depend a great deal on size, shape 
gloss and distribution density of the lacquer particles 
Particle size is governed by a great number of factors 
nature of the stabilizer, amount of stabilizer used, vis 
cosity of the lacquer, interfacial tension of the water, 
pH of the water, ratio of lacquer to water, water: 
miscibility of the lacquer solvents, and speed and time 
of agitation during mixing. All these factors are con- 
trolled so that the majority of particles exceed 
50 microns and some exceed 2590 microns (about 0. 
in.). 

Particle shape is affected mainly by viscosity of the 
lacquer, nature of the stabilizer and amount of stabilizer 
used, These factors may be adjusted to provide particles 
in shapes such as spheres, filaments, elongated ovals, tea! 
drops and other irregular shapes. If the lacquer 's 
viscous enough, these shapes can be substantially te- 
tained in the dry film. 

Particle gloss is determined, as in conventional lac 
quers, by the ratio of resin and plasticizer to pigment 
Particle distribution density or porosity of the finish 
depends on the ratio of lacquer to water. The lower the 
ratio the more porous the finish. The ratio can b 
adjusted to provide porosity that is microscopic of, # 
the other end of the scale, porosity that is visible enough 
to allow an undercoat to show through. 
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Since a heavy multi- 
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we 


yes fi h tends to hide the charac- 
Fier ol original surface, it is 
possibl use a cheaper structural 
S material for a product and improve 
S 4. saleability by means of a multi- 
colot ish. A current example 1s 
S the use Ol masonite or inexpensive 
wood with a multicolor lacquer for 


TV cabinets. . 
5. A finish of unique appearance 
for sales appeal. The wide variety 


S of colors, textures, porosities, degrees 


of gloss, and particle shapes and sizes 
make possible limitless decorative 
effects beyond the more functional 
advantages listed here. 

A partial list of current product 
applications includes business ma- 
chines, laboratory equipment, caskets, 
baby furniture, typewriter cases, file 
boxes, radio and TV cabinets, mirror 
frames, wood novelties, store dis- 
plays and racks, machinery and 
switchgear housings. 


Application 


Ordinarily, a primer should be 
used under a multicolor finish. 
Although the finish can be applied 
directly to porous surfaces, use of 
a primer-sealer improves uniformity 
of pattern and texture. The water 
base makes direct application to metal 
or ceramic surfaces inadvisable and 
normal priming procedures should 
be followed. However, many other 
common finishing steps can often be 
eliminated because of the exceptional 
hiding power of the finish. Great 
care must be exercised in applying 
the lacquer over an old finish, as the 
strong solvents in the formulation 
are likely to cause softening and 
lifting of the old film. 

Usual drying time of a multicolor 
lacquer is claimed to be about 30 
min to touch and 4 hr to hard at 
room temperature. A more conserva- 
tive recommendation is ‘‘overnight”’ 
drying. Drying time can be cut by 
torce drying. Drying times of 30 to 
60 min, can be obtained at tempera- 
tures of 130 to 150 F. Somewhat 
longer times, up to 2 hr, are required 
at 110 to 120 F. Temperature should 
in no case exceed 180 F. The longer 
drying times generally produce 
smoother finishes. 

Currently, multicolor lacquers are 
1g applied only by spraying. 

lard spray equipment may be 
usc’. The air caps and fluid tips 
On ‘he spray gun must have relatively 
laroc apertures. Air and fluid pres- 
surcs May range from 20 to 60 psi; 
igher pressures tend to give 
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Basic Formula for a General-Purpose Multicolor Cellulose Lacquer* 





Coating Material, % 


mixed about 2:1 with 


Dispersing Medium, % 








RS Nitrocellulose (5-6 sec 7.0 
Cellolyn 102 10.0 
Dibuty] phthalate 3.0 
Titanium dioxide 4.0 


Cor other pigment 
Talc 6.0 


N-Burty! alcohol! 3.5 


} 


Methy! amy! acetate 


Xylene 26.5 | 


Solids 


40.0 >Volatiles 


Methy! cellulose 
4000 cps.) 0.5 


Water 99.5 








* This prototype formula is given for illustrative purposes only and is not necessarily representative of 
multicolor lacquers now on the market. All proportions by weight. 


smaller color patterns, but this effect 
can be minimized by pulling the 
gun trigger fully open when spray- 
ing and maintaining a good flow of 
material. The finish should be 
sprayed at a temperature between 65 
and 80 F. The strainer should be 
removed from the line. Siphon type 
guns have not always proved satis- 
factory. 

A multicolor lacquer must not be 
agitated with high-speed mixers. 
Some suppliers recommend gentle 
stirring with wooden paddles, but 
others suggest the lacquer not be 
stirred at all but merely shaken by 
hand or by a mechanical shaker. 
For prolonged storage, temperature 
should be maintained between 60 
and 80 F. Because of its water con- 
tent, a multicolor lacquer should 
never be allowed to remain in con- 
tact with an iron container longer 
than 12 hr. 

Coverage varies widely depending 
on the thickness and porosity of the 
applied finish. On a sealed surface, 
a continuous 5-mil coating can be 
applied with a coverage of about 
100-125 sq ft/gal. For open decora- 
tive effects, coverage may be as high 
as 400 sq ft/gal. Slightly less cov- 
erage would be expected on a porous 
surface. 

Cost of standard multicolor lac- 
quers generally varies from $3.50 to 
$5.00 per gal, depending on quanti- 
ties and types of containers desired. 
At $4.00/gal the materials cost of 
a continuous thick multicolor finish 
would be about $0.04 per sq ft. 
Considering the cost of second and 
third coats generally needed with 
conventional lacquers, the cost of a 
multicolor finish appears to be com- 





A darker multicolor pattern is used on this 
home bar unit. (United Lacquer Mfg. Co.) 


parable with that of more conven- 
tional finishes. 
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Structural beams for trailers being extruded out of the new high-strength 6066 aluminum alloy. 


Two New 
Alumium Extrusion Alloys 


Developed by Harvey Aluminum, each is expected 


to foster many new applications for light extrusions. 


—New Materials Preview 
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1. A General Purpose 
Alloy 


Of wide industrial importance 1s 
the new aluminum alloy, 6000 
(66S). It is a general purpose alv- 
minum alloy, containing magnesium 
and silicon, which bridges the gap 
between the lower- strength 600! 
(61S) type alloy and the higher: 
strength hard alloy 2024 (24S). De 
velopment of 6066 is of prime con: 
sequence to the wide segment o 
industry that needs a strong, light: 
weight material at the cost level of 
lower-strength metal alloys. 

Alloy 6066-T6 has a typical ult 
mate strength of 57,000 psi. Its most 


MATERIALS & METHODS 
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e gap 
6006! 
igher- 
_ De- 
> CON: 
it of 
light: 
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most 


features are high strength, 
and corrosion resistance 
6061, fabricating chara 
ictically identical with that 
strength 6061, and low cost. 


desirat 
weldat 


aaa 
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pment of Harvey’s 6066 is 
ount importance to design- 
| with the problem of saving 
weight in materials and maintaining 
good strength characteristics or even 
improved strengths. Harvey design 
engineers estimate that in certain 
aluminum components of a typical 
truck and trailer, material costs can 
be reduced by 22.4%. The results 
are a lower cost-per-mile transporta- 
tion operation and a bigger payload 


“ef 
ers | 


capacity. 

Harvey designers also have found 
that by using high yield strength 
6066 in a typical cross section of a 
building structure, a 21% saving in 
material costs was made with no 
sacrifice in strength. The use of 6066 
also reduced original costs and weight 
handling. 

Table 1 shows the mechanical 
properties of 6066, and Table 2 
compares strength of 6066 with some 
other aluminum alloys and steel. The 
alloy can be heat treated as well as 
artificially aged to obtain higher 
strengths. 


Table 1—Mechanical Properties of 6066 





Thick, in. 


Ult Str, psi Yid Str, psi Elong, % 





Guaranteed 
6066-T6 up to 4 


(66S-T6) 4 and Ove! 


Typical 
6066-T6 up to 4 


(66S-T6) 14 and over 





45,000 


438,000 


57,000 52,000 





62,000 55,000 





Table 2—Design Strength Comparisons of 6066 
(Guaranteed Yield Strength) 





Material Thick, in. 


Yid Str, psi 





2024-T4 0.050-0 .249 
(24S-T4) 0.250-0.749 
0.750-1 . 499 
1.500 over 

6066-T6 up to 4 
(66S-T6) 14 and over 


6061-T6 





Structural Steel 
(ASTM A7-527) | All 





42,000 
44,000 
46,000 
52,000 


45,000 
35,000 


33,000 








NOTE: Yield values only are shown because these are 


2. A High Strength Alloy 


The second new alloy recently de- 
veloped in Harvey's metallurgical 
laboratories was the high-strength 
aluminum alloy HZM 100. This 
alloy was developed to obtain the 
optimum mechanical property pat- 
tern in such wrought products as 
extrusions and forgings, and _ still 
maintain a desirable balance with 
other important characteristics. The 
high-strength requirements of the 
aircraft industry also came in for 
special consideration in the develop- 
nent of HZM 100. 


HZM 100 has the highest strength 
(typical ultimate strength of approx- 
imately 100,000 psi) of any com- 
mercial aluminum alloy yet devel- 
oped. In addition to these strength 
qualities, this new alloy retains the 
ductility and many of the other de- 
sirable characteristics of 7075. 

Among the characteristics of this 
alloy are a guaranteed tensile strength 
of 89,000 psi and guaranteed yield 
strength of 82,000 psi in thicknesses 
up to 14 in. Tests indicate that the 
compressive yield strength ranges 


Table 3—Mechanical Properties of HZM100 





| Thick, in. | 


Ult Str, psi | Yid Str, psi Elong, % 





Guaranteed 
HZM 100-T6 | up to 0.249 
0.250-0.749 


0.750-2.999 


89,000 82,000 
92,000 84,000 
90,000 | 84,000 





Typical 

HZM 100-T6 up to 0.249 
0.250-0.749 
0.750-2 .999 








96,000 88,000 
100,000 92,000 
98,000 92,000 
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most important in designing for structural applications. 


from 100 to 110% of the tensile 
yield strength. 

Producibility of HZM_ 100 is 
identical with 7075 alloy on all 
existing extrusion dies, and tests to 
date show that mechanical properties 
for forging the alloy are an improve- 
ment over 7075 alloy forgings. Table 
3 shows the mechanical properties of 
HZM 100, and Table 4 lists the 
strength comparisons of HZM 100. 


Table 4—Design Strength 
Comparisons of HZM100 


(Guaranteed Yield Strength) 








Yid Str, 
Thick, in. psi 





7070-T6 0.294 and less | 70,000 

(75S-T6) 0.250-2.999 72,000 
3. 000-4. 499 70,000 
HZM 100-T6 up to 0.249 82,000 
0.250-0.749 84,000 
0.750-2.999 84,000 




















NOTE: Yield values only are shown because these 
are most important in designing for 
structural applications. 
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GLASS BASE CORE MATERIALS of the honeycomb type (right) are available commercially, 
while the multiwave type (left) will soon be marketed. 





EXPANDED SILICONE-BASE CORE is used here with glass reinforced silicone-base plastic 
laminated facings. (Dow Corning Corp.) 


Aircraft industry has developed— 


@ THE SUCCESS experien 
sandwich type structures 

years has extended develop: 
into many new fields of a; 
One of the newer extensi 


With 
A) 


a 


evaluation of sandwich cor 
limited to glass reintor 
materials, for use in stru 
electrical applications sub 
elevated temperatures in the 
300 to 500 F. This } 
brought about mainly by the titcraf 
industry whose needs call { hi 
weight, strong structures Capable of 
withstanding elevated temperatures 
generated by high speed flight 


Materials 


At elevated temperatures, the 
standard aircraft structural metals 
e.g., aluminum and its alloys, do not 
have the intrinsic strength necessary 
for resisting the stresses involved in 
high speed flight. The more tem. 
perature stable structural metals, €.2., 
steel and its alloys, are too heavy, 
cutting down the potential payloads 

Research engineers have developed 
several new lightweight materials that 
do not sufter the detrimental loss in 
strength at elevated temperatures 
The elevated temperature resistant, 
glass reinforced plastic laminate is 
one of these new materials. At pres- 
ent, only a limited number of resins 
can be employed in preparing these 
temperature resistant plastics. Tr- 
allyl cyanurate-modified polyesters, 
silicones, and certain phenolics are 
examples (see Table 1). 

The methods by which these resin- 
ous materials polymerize into cured 
polymers are strikingly different, ac- 
counting in part, for the choice ot 
the resin and the subsequent fabrica 
tion operation. For example, addi- 
tion type polymers, of which triallyl 
cyanurate - modified polyesters are 
typical, require the following con- 
siderations: 

1. The catalyzed resin simpreg- 
nated glass fabric has a relatively 


Sandwich Materials For High Temperature Uses 


A number of different constructions have already proved serviceable 
in the 300 to 500 F temperature range ... Besides aircraft, they will be useful 


in other structural and electrical applications. 


by IRVING KATZ, Research Engineer, North American Aviation, Inc. 
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life. The fabricator must 
ide impregnation equip 
pare this fabric just prior 
provide ample space and 


in which 


| 
for cold storage, 


y buy it ready for use 
rcial impregnators 

atalyzed resin in the im 

) glass fabric polymerizes in 

ing rapid reaction 

no by-products. The fab- 

‘tor can cure this material rapidly 

| in quite thick sections, provided 
has suitable heating media. 

[he starting costs for impreg- 
nation and allied equipment are 
igh, while the subsequent fabrica- 
tions costs are relatively low. 

On the other hand, the condensa- 
tion type polymers, of which phe- 
nolics and certain silicones are 
examples, require these considera- 


sequence 


l 


} 


tions: 

1. The catalyzed resin impreg- 
nated glass fabric has a relatively 
long shelf life. The fabricator can 
buy the materials from commercial 
mpregnators, eliminating the need 
for impregnating equipment and cold 
storage space. 

2. The catalyzed resin in_ the 
mpregnated glass fabric polymerizes 
by a slow stepwise reaction sequence, 
liberating by-products. The fabri- 
cator must use relatively long cure 
ycles and be limited to relatively 
thin sections during any one cure 
operation in order to avoid blistering 
lue to released volatile by-products. 
However, thick sections can be fab- 
ricated by a stepwise lay-up. 

3. The starting costs are low (no 
impregnation or refrigerating equip- 
ment), but the subsequent fabrica- 
tion costs are high. 

Facings—The facings for sand- 
wich structures are the elevated tem- 
perature resistant glass reinforced 
plastic laminates. Any of the three 
types of resinous materials listed in 
Table 1 can be used for fabricating 
the sandwich facings. 

Each of these resinous materials 
(in the form of a plastic laminate) 
has certain outstanding properties, 
such as extreme temperature resist- 
ance, high strength, low costs, etc. 
Since no single resin-glass fabric 
combination is outstanding in all of 
these features, a knowledge of the 
general properties offered by each 
‘ype helps direct development work 

ard that combination which ap- 
pears attractive for the particular 

ication (see Table 2). 

yres—At present, the core ma- 

‘is available for heat resistant 
vich construction are limited to 
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EXPANDED PHENOLIC-BASE RESINS used for 


phenolic resin impregnated — glass 
base honeycomb, and silicone and 
phenolic expanded plastics (see Table 
3). The substitution of silicones and 
triallyl cyanurate-modified polyesters 
for the phenolic resin in the honey- 
comb is still in the early experimen- 
tal stage. However, a number of 
phenolic resin impregnated honey- 





cores can be foamed at room temperature. 


comb cores are available commer- 
cially. A new type, the phenolic 
resin impregnated glass base multi- 
wave core will soon be available 
from Narmco Metlbond Co. 

For primary structural applications, 
expanded plastics are generally us- 
able only in conjunction with glass 
honeycomb core to provide addi- 


Table 1—Commercial Resins Suitable for Elevated- 
Temperature-Resistant Plastic Laminates 





Type Designation 


Manufacturer 





PDL 7-669 
Vibrin 1047 
DC 2104 
DC 2106 
DC 2103 
DC 2105 
BV 11946 
BV 17085 
Conolon 506 
CTL-91-LD 
G. E. 12304 
G. E. $1047 
Plyophen 5023 


T. A. C. Modified- 
Polyesters 





Silicones 


Phenolics 





American Cyanamid Co. 
Naugatuck Chemical Div., U.S. Rubber Co. 





Dow Corning Corp. 
Dow Corning Corp. 
Dow Corning Corp. 
Dow Corning Corp. 
Bakelite Co. 
Bakelite Co. 
Narmco Resins & Coatings Co. 
Cincinnati Testing Laboratories 
General Electric Co. 

General Electric Co. 

Reichhold Chemicals, Inc. 





Table 2—Characteristics of Glass-Reinforced Plastic Laminates 











Trially! Cyanurate 
Property Modified Polyester Silicone Phenolic 
Temperature Resistance lowest highest intermediate 
Mechanical Properties intermediate lowest _ highest 
Processing Difficulties lowest highest intermediate 
Cost 
Material (ready for use) | highest intermediate lowest 
Fabrication lowest highest intermediate 
Pot Life lowest highest intermediate 
Lay-Up wet usually dry usually dry 
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Table 3—Commercially Available Core Materials 














Type Designation Manufacturers 
Phenolic Impreg- ®) CTL %-112-6.5 California Reinforced Plastics Co. 
nated Glass CTL 3-112-9.0 
Honeycomb CTL 144-21-6.0 


CTL 14-21-8.0 
®) BVQ 3-112-6.5 
BVQ %6-112-9.0 
BVQ 14-21-6.0 
BVQ 4 21-8.0 


XR 543 
XR 544 


Silicone Foam 


Phenolic Foam NA2-4192 


Dow Corning Corp. 
Dow Corning Corp. 


North American Aviation, Inc. 








NOTES: (a) Fractional symbol 8% or 4 =cell size in in.; 112 or 21 refers to type of glass fabric; 6.5, 9.0, 


6.0 and 8.0 refers to density in lb/cu ft. 


Table 4—Elevated-Temperature- 
Resistant Phenolic-Base Adhesives 











Designation Manufacturers 
422 Shell Chemical Corp. 
CHT North American Avia- 
tion, Inc. 
302 Narmco Resins & Coat- 


ings, Inc. 








tional skin stabilization. Alone they 
do not .pessess sufficient strength at 
elevated" temperatures to make them 
attractive for this kind of application. 
For secondary and_ non-structural 
applications they can be used singly. 

The silicone base expanded plas- 
tics can be foamed in place only at 
elevated temperatures, while the 
phenolic base expanded plastics can 
be foamed at room _ temperature. 
However, to obtain the maximum 
strength properties from both types, 
heat treating is mecessary. 


PHENOLIC-BASE SANDWICH specimen after flatwise tensile test at 500 F ('/2-hr conditioning at test temperature). 



















Adhesives—the adhesiv 
fabricating heat resistant 6 
forced plastic sandwich 

can also be prepared from 

cal resins that make up the sandy; 
facings. However, certain 

tions especially ror secon 

ing may be required, dep no 
the extent of brittleness, strength a, 


coefhicients of expansion he 
hesive may be used either non-sy 
ported or in the form of a s porte 
tape. 


A number of phenolic resins ha 
been modified (see Table 4) to pr 
vide adhesives ready for use 
secondary bonding operations. Sing 
these adhesives are designed prima 
ily for phenolic-base sandwiches, th 
fabricator is obliged at present 
develop his own adhesives for th 
other resin-base sandwich structures 
fabricated by secondary bonding 
operations. In any event, the vendo: 
of elevated temperature resistant 
resins will supply information cover 
ing his respective products. 


Fabrication Techniques 


There are four general methods 
for fabricating sandwich structures 
These include: 
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One Stage Primary 


skins are 


1leSIVC. 
Stage Primary 

one at a time, 

comb core im one 


V} : 
serves as the adhesive. 


Both  pre- molded skins 


bonded to the honeycomb core 
the laminating 
resin or a modified resin can 


simultaneously ; 


serve as the adhesive. 


4. Two Stage Secondary Lay-Up. 
Pre-molded skins are bonded 
one at a time to the honey- 

core; the laminating 

resin or a modified resin can 


comb 


serve as the adhesive. 


The relative advantages of the pri- 
mary and secondary 
from certain differences inherent in 


Lay-Up. 
molded and 
led to the honeycomb core 
one integral operation; the 
inating resin serves as the 


Lay-Up 
ins are molded and bonded, 
to the honey- 
integral 
peration; the laminating resin 


One Stage Secondary L ay- U P 


lay-ups stem 








Test Methods 


In general there are three 
places where a sandwich struc- 
ture can fail when subjected to 
load. These are: 1) the skins; 
2) the core-to-skin bonds; 3) 
the core. 

Various tests are available 
for determining the 
stress levels to which each of 


relative 
the critical areas can be sub- 
prior to failure. The 
most important of these meth- 


jected 


ods are: 

Flatwise shear 
Flatwise flexure 
Flatwise compression 
Flatwise tension 
Edgewise compression 


Ww nN — 


Ate 


The Forest Products Labora- 
tory, Madison, Wis., has de- 
veloped these tests and pre- 
scribed recommended proced- 
ures (see F.P.L. Report No. 
1555, Sept. 1950 and F.P.L. 
Report No. 1556, Feb. 1950). 
Since the test methods are at 
room temperature some modi- 
fications will be necessary for 
elevated temperature perform- 
nce, 
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- of the processes. For example, 

1 primary lay-ups the Operation is 
cheap: since the molding step ts 
accomplished at the same time the 
bonding occurs. However, the lam- 
inate skin does not have the benefit 
of a uniform molding pressure 
throughout the cycle, 
direct contact with the 
core. Consolidation of this type of 
lay-up depends mainly upon resin 
flow. In lay-up operations, the fitting 
of skins to core is a relatively minor 
problem, since only the core material 
needs to be contoured. 

On the other hand, the secondary 
type lay-up is more expensive be- 
cause two distinct processing steps 
are required, namely, pre-molding of 
skins and then bonding. Here, how- 
ever, the skins have had the advan- 
tage of a uniform molding pressure, 
and, therefore, the mechanical prop- 
erties will tend to be better. Bond- 
ing of skins to core depends on the 
ability of the adhesive to provide 
strong primary (or at least strong 
secondary) chemical forces between 
the molded skins a the C-stage 
honeycomb core. In lay-up opera- 
tions, fits are considerably more diffi- 
cult, as skins and cores must be rela- 
tively closely contoured. Slight varia- 
tions are permissible if suitable 
tooling is employed during the bond- 
ing operation. 

The primary and secondary lay-ups 
can be performed in either one or 
two stages, depending upon certain 
conditions that may arise due to the 
material choice or design considera- 
tions. The one stage operation, 
which is the cheaper, may lead to 
difficulties such as placing of inserts. 
addition of a foaming resin, pro- 
vision for volatile release, etc. These 
may in part be eliminated by using 
a two stage operation. The one 
stage lay-up is preferred wherever 


possible. 


since it is in 
honeycomb 


Design and Applications 


Most structures, especially in air- 
craft, are large and contoured. Com- 
pression matched molding of lami- 
nates and sandwiches is an expensive 
operation, considering that the mold 
(with cut-off rings) costs approxi- 
mately $1000 per Ib of laminate. 
Prototype parts cannot reasonably be 
made by this method since changes, 
which certainly there will be, might 
prevent successful completion of the 
project. 

Low pressure molding on low cost 
dies permits the fabrication of such 



























PHENOLIC-BASE SANDWICH structure shown 
here is composed of a honeycomb core 


sandwiched between plastic laminate fac- 
ings. Supported adhesive tape (glass fab- 
ric carrier) bonds facings to core. 


parts and allows changes due to 
modified designs or developmental 
studies without serious financial 
losses. However, low pressure mold- 
ing of resin- impregnated glass fabric 
produces laminates prone to mechan- 
ical strength variations whenever 
tight controls are non-existent both 
for the raw materials and for the 
fabrication operations. 

Therefore, the mechanical proper- 
ties of the materials must be known. 
The values realized must be depend- 
able. The design allowables must be 
chosen from guaranteed strength 
values. Generally, a 90% probability 
strength value for the sandwich fac- 
ings is satisfactory. On the other 
hand, the adhesive and the core must 
permit the facings to attain this 90% 
probability strength if the sandwich 
structure is to meet the design re- 
quirements. 

The relative ease and low cost of 
fabrication, the maintenance of me- 
chanical properties at elevated tem- 
peratures and the use of non-strategic 
materials make glass reinforced plas- 
tic sandwich structures attractive. 
Although the development is still in 
its early stages, a wide variety of 
parts such as antenna housings, 
thermal insulators, control surfaces 
and other experimental structures are 
being fabricated on a prototype basis. 
It is anticipated that industry-wide 
production on a limited scale will 
follow depending upon the outcome 
of extensive proving-out tests. 
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Graphitization in Steel 


In designing steel parts or equipment which will operate 


in the 800 to 1200 F temperature range, the engineer must 


consider the problem of graphitization. Fortunately, this 


failure-producing phenomenon can be avoided in several ways. 


by A. M. HALL, Chief, Alloy Development Div., Battelle Memorial Institute 


What It Is 
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Fig 1—Microstructure typical of hot-rolled steel. The light back- 
ground is ferrite. The darker areas are pearlite. 


Most unhardened structural and 
engineering steels are normally made 
up of two microstructural compo- 
nents. The principal component is 
ferrite (iron), a soft, ductile metal 
of relatively low tensile strength. 
The other constituent is cementite, 
which is iron carbide (Fe,C), 
hard, brittle compound. Steel derives 
its combination of strength and 
toughness from the mixture of these 


How It Damages Steel 


There are two principal types of 
gtaphitization. The first, called ran- 
dom graphitization, is the formation 
of graphite distributed uniformly 


Fig 2——Graphite formation in steel. The light background is ferrite. 


Dark masses are graphite. 


two constituents. The function of 
the carbon in steel is to provide it 
with cementite. A normal steel struc- 
ture as seen with the microscope is 
shown in Fig 1 

While steel is normally a mixture 
of ferrite and cementite, this mixture 
is thermodynamically unstable. Given 
the opportunity, i.e., prolonged ex- 
posure at elevated temperatures, the 
cementite will decompose into its 


throughout the steel. In this case, 
the cementite is replaced by the 
weaker constituent, graphite, which 
results in a reduction of the room- 


elements, iron (ferrite) and carbon 
The latter will take the form of 
graphite, which is soft and weak 
The steel will then be converted 
from the thermodynamically unstable 
mixture of ferrite and cementite to 
the thermodynamically stable mixture 
of ferrite and graphite. The process 
of this conversion is known as graph- 
itization. A graphitized steel structure 
is shown in Fig 2. 


temperature mechanical strength of 


the steel. This loss in strength, 


usually, does not affect elevated- 
temperature service where the phe- 
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Fig 3a—Graphitization of welded carbon molybdenum steel piping. 


(Pittsburgh Piping and Equipment Co.) 


nomenon of creep is dominant in 
establishing the service performance. 

In general, the creep resistance of 
the steels under discussion depends 
upon the characteristics of the fer- 
rite, which are not changed in the 
graphite-formation process. There- 
fore, in many engineering applica- 
tions, the general effect of random 
graphitization might not be impor- 
tant. 

The second type is the formation 
of graphite in local and highly con- 
centrated regions. When this occurs, 
it is reasonable to anticipate ultimate 
mechanical failure, as long as the 
onditions permitting graphitization 
continue to exist. 

The most frequently encountered 
form of localized graphitization is 
that which occurs near a welded 
joint. Nodules of graphite form 
preferentially in a narrow zone which 
corresponds to the low-temperature 
edge of the region of the parent 
metal that was heat affected during 
the welding operation. In multi-pass 
welded butt joints, such as are com- 
monly made in thick pipe or plate, 
the zones of parent metal, heat af- 
tected by each pass, overlap each 
other all the way across the section. 
Uhe pattern formed is shown sche- 
matically in Fig 3. At the low- 
temperature edge (Ac, isotherm) of 
the weld-heat-affected zones, shown 
in Fig 3, the number of graphite 
nodules per unit volume may be so 

it that they can ultimately grow 
and link together in a fairly continu- 
ous form, as illustrated in Fig 4. 
s, by the process of localized 
nitization, a narrow zone extend- 
ntirely through the section can 
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be converted from strong steel to 
weak graphite. Because the graphite 
cannot take the loads designed for 
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Fig 3b—Schematic 
single-V butt-welded pipe joint. 
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the steel, failure through such a 
zone can be expected. 
Another form of localized graph- 








A Broken Joint that Raised Some Questions 


In January 1943, a steam pipe 
line at the Springdale station of 
West Penn Power Co. suddenly 
broke near a welded joint. The 
line, made of carbon-molybden- 
um steel pipe, {had been in op- 
eration for the previous 51/ 
years at an average temperature 
of 935 F. Fortunately, the 
boiler was going off the line 
when the break took place and 
pressure was falling rapidly, so 
no serious damage occurred. 
This sudden and unexpected 
failure touched off a whole 
series of investigations through 
the power industry and its sup- 
pliers. 

What had happened to the 
pipe line, in operation so long, 
to cause this unforeseen failure ? 
The phenomenon of graphitiza- 
tion had taken place in the steel 
and had occurred in such a 
manner as to produce a weak, 
brittle zone in the pipe near the 
weld. 

Soon after the investigations 
were under way, it was found 
that graphitization was occurring 
to a greater or lesser extent in 
the steam lines of mumerous 


other power stations which were 
operating at steam temperatures 
in the same range as the Spring- 
dale station. In fact, in one mid- 
western station, the phenomenon 
had proceeded almost to the ex- 
tent found at Springdale, but 
the condition was discovered be- 
fore actual failure occurred. 

Actually, while the incident at 
Springdale represented the first 
known failure due to graphitiza- 
tion, it was not the first time 
the phenomenon had been en- 
countered in a steel structure. 
The first recorded instance oc- 
curred in petroleum-refining 
equipment and was reported in 
1935. The carbon-steel still 
tubes of a thermal-cracking unit 
were found to have graphitized 
after long service at elevated 
temperatures. This apparently 
was an isolated case and it was 
not until the development of the 
catalytic cracker that conditions 
favorable to graphitization were 
frequently encountered. As a re- 
sult, several serious cases of 
graphitization have appeared in 
the reactor vessels and piping of 
cat crackers. 
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Fig 4—-Graphitization at low temperature edge of heat-affected zone of 
a welded pipe joint. 


itization has been observed. This type 
originates in planes of localized 
yielding in the steel, called Luder’s 
lines. These lines may be developed 
during cold forming of the steel, 
such as bending. 

Much remains to be learned about 
the ways in which highly localized 
concentrations of graphite impair the 


When It Forms 


The thermodynamics of the proc- 
ess are quite clear, but the mecha- 
nism is not well understood. It ap- 
pears, however, that the graphitiza- 
tion process falls into the class of 
“nucleation and growth” reactions. In 
order for the cementite to decompose 
into graphite nodules and iron, nu- 
clei upon which the graphite can 
deposit and grow must be present or 
must form. The growth of the 
graphite nodules in the steel mass 
takes place by the diffusion of carbon 
atoms through the ferrite lattice. In 
this way, the carbon migrates from 
the locality of the decomposing 
cementite particles and deposits on 
the growing graphite nuclei. 

Steels containing the necessary 
nuclei or in which the nuclei form 
rapidly are considered to be suscep- 
tible to graphitization. If consider- 
able time is required, running to 
several thousand hours, for the de- 
velopment of nuclei, the steel is 
classified as moderately resistant. 
Those steels whose nucleation time 
is indefinitely long are considered, 
for practical purposes, to be com- 
pletely resistant to graphitization. 
Once graphitization has begun in 


mechanical properties of steel. Cer- 
tainly, the presence of such forma- 
tions reduces the effective load- 
carrying cross section. In addition, 
it is probable that localized graphite 
provides ‘‘notches’” which concen- 
trate stress, thereby further reducing 
load-carrying ability, lowering fa- 
tigue resistance and ductility. 


a 


a steel, it continues to completion, 
other things being equal. Reaction 
curves like those shown in Fig 5 can 
be drawn plotting the course of the 
process as a function of time at 
temperature. In the early stages, the 
reaction rate is relatively high, but 
it tapers off as the process nears 
completion. 

Like all other chemical reactions, 
the graphitization process is strongly 
influenced by temperature. Even in 
highly susceptible steels, it takes 
place at extremely low rates below 
825 F. As temperature is raised 
above this point, the reaction occurs 
with increasing rapidity until a maxi- 
mum is reached in the range of 1150 
to 1200 F. At higher temperatures, 
there is reason to believe that graph- 
itization proceeds more and more 
slowly and probably ceases to occur 
above 1350 to 1400 F. 

Of great importance is the differ- 
ence in the inherent susceptibility to 
graphitization that is displayed by 
various types of steels. These differ- 
ences have been found to depend on 
the composition of the steel and the 
steel making practice. For example, 
plain-carbon and carbon-molybdenum 


steels deoxidized with r¢ tively lat 
- ° 7] 4alve 
amounts of aluminum (11/,‘}, ° 


Or 





more per tom) are susce Ptible 
os . a) WwW 
graphitization. Those dec lized With 


small amounts of aluminum (1/ n 
per ton or less) are mi resistant 
to graphite formation. Silicon-killeq 
steels are more resistant graphit 


i 


zation than are aluminum-killeg 
steels. Carbon-molybdenum ¢tec|, 
seem to be somewhat less susceptib}. 
to graphitization than are plain-car. 


bon steels. Chromium, when added 
in amounts greater than 1/,%, pyro. 
duces a steel highly resistant to 
graphitization. In fact, experience 
obtained thus far indicates that this 
element imparts immunity to graph- 
itization, for all practical purposes 

The constitution of a graphite 
nucleus is still a matter of specula- 
tion. It had been thought that 
particles of alumina might act 4s 
nuclei. However, susceptibility cor- 
relates, not with alumina content. 
but with “soluble aluminum’ which 
could be present in the steel in solid 
solution, in the cementite, or as : 
nitride. Investigation indicates that 
the soluble aluminum does not pa 
tition in the cementite, bu: suggest 
that it removes nitrogen from solid 
solution by forming aluminum ni 
tride. 

It would appear that a susceptible 
steel contains little or no dissolved 
nitrogen. Both carbon and nitrogen 
dissolve interstitially in ferrite, i« 
between the normal lattice sites ot 
the iron, and in only small propor 
tions. Each would, therefore, im 
pede the diffusion of the other 
through the ferrite. However, in the 
absence of dissolved nitrogen, carbon 
would have much greater freedom t: 
migrate and assume favorable nucle 
ation configurations. 

Kanter has pointed out that there 
is considerable evidence that plastic 
straining of the ferrite greatly in- 









Nucleation 
time 


% Carbon Converted from Cementite 
to Graphite 








Logarithm of Time at Temperoture 


idealized reaction curves for the graphitizo- 
tion process. 


Curve A—for very susceptible steel. 


Curve B—for a moderately resistant steel. 
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probability of nucleation, 
ner! ecause a disturbed lattice 
ends to increase the mobility of the 
well as to favor formation 
juired nucleation arrange- 
le has suggested that this 
in why the low-tempera- 
of the zone in the parent 


How To Prevent It 


For the power industry, a good 
answer is to use steels which are not 
susceptible to graphitization. The 
end in this industry, since the de- 

s for ever higher steam temp- 
eratures, 1S to abandon the plain- 
carbon and carbon-molybdenum steels 
in favor of chromium-molybdenum 
steels which have thus far proved to 
be immune to graphitization. The in- 
dustry is taking the position that it 
is a sounder policy to use chromium 
than attempt to obtain graphitization 
resistance by special deoxidation 
practice, the benefits of which are 
uncertain. In addition, for long serv- 
ice at 950 F and above, it is advis- 
able to take advantage of the in- 
creased oxidation resistance given the 
steel by the presence of chromium. 

For the petroleum-refining indus- 
try, the answer is not clear cut. No 
failures definitely attributable to 
graphitization have occurred in the 
industry. Furthermore, investigations 
currently underway have not pro- 
gressed to the point where the ex- 
tent of the damage likely from 
graphitization can be evaluated. Un- 
til this is done a definite procedure 
cannot be established. As a prelimi- 
Mary guide, it is suggested that a 
maximum metal temperature in ex- 
cess of 800 F be avoided, when the 
equipment is constructed of plain- 
carbon steels. This can probably 
best be accomplished by means of 
internal insulation. Otherwise, chro- 


metal which is affected by the heat 
of welding is especially favored for 
the formation of concentrations of 
graphite. This region is placed under 
a high degree of localized strain by 
the allotropic transformation which 
the steel undergoes during the weld- 


ing ope ration 


mium-molybdenum steels should be 
considered. However, when such 
steels are used, close attention must 
be paid to welding techniques. These 
steels are not easy to weld, especially 
in large sections in the field. 

A table contains a partial list of 
ferritic steels for high-temperature 
service. These data are offered as a 
guide to the use of the steels where 
service conditions suggest that difh- 
culties due to graphitization might 
be encountered. It is recommended 
that, when metal temperature ex- 
ceeds 900 F and service time is long, 
steels containing more than 14% 
chromium be used. As stated earlier, 
the chromium will not only impart 
resistance to graphitization, but will 
also increase oxidation resistance, an 
important consideration since scal- 
ing becomes a problem when metal 
temperatures approach 1000 F for 
plain-carbon steels. 

Much work, both in the laboratory 
and in the field, has been carried out 
in an effort to heat treat welded 
joints of susceptible steels to prevent 
localized graphitization in the weld- 
heat-affected zones. To this end, two 
types of postweld heat treatment 
have been developed. One is a high- 
temperature stress-relieving treatment 
carried out in the range 1300 to 
1425 F. The other is a normalizing 
treatment, usually at 1650 to 1750 F. 
Data on the efficiency of such treat- 
ments are conflicting. However, it 


Suggested Temperature Limits for Various Steels to 
Avoid Serious Graphitization 





| Suggested Max 
| Metal Temp., F 








Form ASTM Spec. Type of Steel 
Pipe A-106 carbon steel | 800 
Pipe A-335, Grade P1 carbon, 0.5 Mo 875 

| (formerly A-206) | 
Pipe A-335, Grade P3 1.75 Cr, 0.70 Mo, 0.60 Si 900 and above 
Pipe A-335, Grade P36 2.00 Cr, 0.55 Mo 900 and above 
‘bing A-213, Grade T12 1.00 Cr, 0.55 Mo 900 and above 
Tubing A-213, Grade T22 2.25 Cr, 1.00 Mo 900 and above 
Tubing A-213, Grade T21 3.00 Cr, 1.00 Mo 900 and above 
late A-285 carbon steel 800 
late A-201 carbon-silicon steel 800 
Plate A-204 carbon, 0.5 Mo 875 
Plate A-301, Grade B 1.00 Cr, 0.55 Mo 900 and above 
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seems established that post heating 
a welded joint in a graphitization- 
susceptible steel retards, but probably 
does not prevent, localized graphite 
nodules in the parent metal adjacent 
to the weld. 
In building 


use under conditions which could 


new equipment for 


produce graphitization, the designet 


oa readily solve the problem by the 
selection of the proper steel. How- 
ever, in the case of old equipment 
in which graphitization can be ex- 
pected, the problem faced by the 
operator is not so simple. 

No nondestructive testing proced- 
ure is available for determining the 
occurrence of graphite in steel, nor 
is there any other type of test that 
can be used in the field. In order to 
detect graphitization and to deter- 
mine the extent to which it has 
progressed, it is necessary to examine 
samples taken from the equipment 
in question with the microscope. 
Bend or tensile tests, or even stress- 
rupture and fatigue tests, may also 
be required in some cases. 

In the inspection of equipment to 
detect graphitization, the samples 
should be selected from those loca- 
tions where the thermal and stress 
conditions appear most severe. In 
welded structures, the heat-affected 
zones adjacent to the welds are the 
most likely locations for concentrated 
graphitization. Trepanned plugs or 
boat samples are normally taken 
from such locations for examination. 
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1/32-in. hole 





1/16-in. hole 


1/8-in. hole 


1/4-in. hole 
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Brass Aluminum 


Reflectograms showing that, under the conditions outlined, a flat- 
bottomed 1/32-in. hole can be detected in brass and aluminum. 


How to Check Accuracy o 
Ultrasonic Flaw Detection 


Reference blocks provide a direct and simple 


method of setting ultrasonic inspection equipment 


to detect flaws above a specified minimum size. 


by NICHOLAS GROSSMAN, 


Section Head, Atomic Energy Div., Sylvania Electric Products, Inc. 


@ AIRCRAFT INDUSTRIES use ultra- 
sonics to examine large slabs of 
aluminum prior to machining in 
order to detect and locate internal 
flaws ; foundries check castings where 
tightness in service is important; 
railroads periodically check moving 
machinery parts in order to prevent 
fatigue failures. In all of these and 


100 


similar applications, the question 
arises, “How sensitive is my ultra- 
sonic test instrument in detecting 
flaws?” 

The employment of reference 
blocks is a simple and speedy meth- 
od of determining the smallest 
detectable void, under a given set of 
conditions. This technique may not 


Determining sensitivity of the Sperry Ultrasonic Reflectoscope. 






be applicable to every ultrasonic tes 
ing problem, but the same principles 
and methods can be adapted to sui 
the specific job on hand. 

The lack of the “‘true ringing” of 
a struck metal part is a well know 
shop method for the detection of 
gross internal flaws. A_ refinement 
of this principle is the utilization of 
mechanical sound waves above the 
audible range. These mechanica 
pulses which vibrate faster than 20, 
000 cycles per sec are called ultra 
sonic waves. 

Several commercial ultrasonic in 
struments are on the market. These 
instruments can detect blowholes o: 
porosity in castings, laminations it 
forgings, inclusions of foreign parti 
cles in metallic and nonmetallic ma 
terials, as well as internal cracks ir 
parts and structures. The principle of 
detection is always the same: any 
discontinuity which causes an ultra 
sonic mismatching for the traversing 
waves gives an indication. It is the 
job of the testing engineer then t 
interpret these indications and set up 
procedures and standards. 

In evaluating the sensitivity of a 
given ultrasonic test unit, it is im- 
portant to keep the following vati- 
ables in mind: i) the instrument 
and its power input; 2) the fre- 
quency of the waves; 3) the size and 
shape of the search crystal; 4) the 
contacting medium; 5) the chemical 
composition, metallographic _ struc: 
ture, mechanical properties, and ge- 
ometry of the samples; and 8) syn- 
thetic defects used for comparison. 

In the present tests, commercial 
practices were followed whenever 
feasible. A frequency of 10 mc was 
selected because tests showed that the 
shorter waves are more sensitive if 
detecting small defects. The accom- 
panying table lists the smallest ce 
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Reflectoscope Settings 


Smallest Detectable 
Flat-Bottomed Hole, in. 





— 

















Frequency a 
Materi mega- Sweep Reject Pulse Marker Pulse Sensiti- 
° * 4 + 
cycles length* length* Tuning vity 
———— 
Brass 2! oft I 
; l Ly 
Aluminum 10 ] oft oft 73 44 
_——— 
NOTES: Face of search unit 244 in above top surface of specimen. 
Sweep delay adjusted to obtain 3 reflection scope. 
* Arbitrary setitng These enable inspector to adjust equipment after optimum setting n 


established 


rectable flat bottomed defect when 
lower frequencies are used. The 
reference blocks were machined from 
regular production materials to elim- 
inate variables which might result 
from the use of general test blocks, 
unrelated to the specified materials 
(see details at right). 


Procedure 

The Sperry Ultrasonic Reflecto 
scope, Model UR, was used. This 
instrument has constant operating 
frequencies of 1/4, 1, 214, 5 and 10 
megacycles per second. It can be 
ised with any commercial search 
unit which generates longitudinal, 
shear, or surface waves, has a built- 
in sweep delay, and is designed for 
either one or two crystal operation. 

The circular quartz crystal has a 
¥g-in. effective aperture, is designed 
for 10 mc frequency, and is properly 
grounded and waterproofed for im- 
mersion testing. Immersion testing 
was selected because factors such as 
surface finish, contact pressure, area 
of contact, do not influence the re- 
sults, and therefore the tests are 
nore reproducible and thus more 
reliable. The search unit is mounted 
in a suitable scanning device. 

The actual testing consists of plac- 
ing the cylindrical specimens in the 
tank so that the holes are facing the 
bottom. To prevent trapped air, and 
air and water mixtures in the holes, 
they are filled with wax prior to 
submersion. Since wax readily ab- 
sorbs ultrasonic waves it does not 


es 


interfere with the indications of re- 
flected waves from the metal sur- 
faces. Using the single crystal, pulse- 
echo testing technique the crystal is 
then moved to obtain optimum re- 
flection; that is, the axis of the beam 
and the axis of the specimen coin- 
cide. Reflectoscope settings are listed 
in a table. 

To obtain a permanent record of 
a test, the oscilloscope indications 
called reflectograms are photograph- 
ed. The reflectograms shown in a 
figure indicate that, under the con 
ditions outlined, a flat-bottomed 
| /32-in. hole can be detected both 
in brass and in aluminum. In gen- 
eral, the detection of a void in 
aluminum requires less sensitivity 
than in brass. This results from 
difference in acoustic impedance of 
the two metals, the value for brass 
being more than twice that for alum- 
inum. (See accompanying box). 

No tests were performed for de 
tecting holes smaller than 1/32 in 
in diameter. However, the method 
is applicable to any size or shape of 
defect that needs to be simulated in 
order to establish the limit of sensi- 
tivity of the testing set-up. 

The depth of the hole, which is 
4, in. and the height of the rods, 
was kept constant during the tests. 
The depth was chosen as a matter of 
convenience and has no special sig- 
nificance. As long as the total metal 
thickness to be penetrated by the 
sound waves permits ready transmis- 
sion and reflection of these waves in 














medium. 
For brass, 


For aluminum, 





npulse than brass. 


Acoustic Impedance 


The acoustic impedance (R) is a measure of the ease of propagation of the 
sound waves in an elastic medium. Numerically it is the product of the density of 
the medium, brass or aluminum, and the velocity of the sound waves in this 


R = 0.308/386 Ib sec/in.’ x 174,000 in./sec = 138 Ib sec/in.® 


R = 0.100/386 Ib sec/in.? x 245,000 in./sec = 63 Ib sec/in.*® 
(hus the acoustic impedance of brass is more than twice that of aluminum. The 
hysical dimensions of the acoustical impedance can also be interpreted as impulse 
er unit volume, i.e. specific impulse. Thus aluminum has a much lower specific 
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Material 
Frequency a's 
Megacycles 
Brass Aluminum 

] aC ‘6 

2% 16 

5 ma) l% 

10 a) Leg 

NOTI Depth or hole % im. 


a given homogeneous metal struc- 
ture, the depth of the hole in the 
reference block has no specific effect 
on sensitivity. This is also true for 
a similar actual defect in the slab or 
plate to be tested, provided the de- 
fect is mot adjacent to one of the 
metal-water interfaces. 

Reference blocks can provide a 
direct and simple method for setting 
the Reflectoscope to detect flaws 
above a given predetermined mini- 
mum. The ‘“‘Reject’’ knob or the 
“Sensitivity” knob can be so adjusted 
as to give indications to flaws equiv- 
alent or greater than the permissible 
minimum determined by the product 
and materials engineer. 
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Reference blocks were produced from com- 
mercial brass (ASTM B-16) having a hard- 
ness of Rockwell B 72 and 2024-T4 alumi- 
num having a hardness of Rockwell B 76. 
These blocks 
1 in. long, having faces flat and per- 
pendicular to axes. Holes 1/32, 1/16, 
and '/, in. in diameter bored at axes to 


were machined cylinders, 


a depth of % in. simulated veids. These 
four blocks together with one prepared 
similarly but having no hole comprised 
set used to determine the sensitivity of 
the instrument. 

















Better 
semiconducting 


Materials —3 


Lead to New, 


The unique electrical prop- 
erties of semiconductors 
have resulted in higher 
efficiencies and new de- 
vices in the electronic and 
power fields. Germanium 
and silicon leading the way, 
they are generating broad 
changes in established de- 
sign and production tech- 
niques. 


by THEODORE B. MERRILL, JR., 
Assistant Editor, Materials & Methods 


Cadmium sulfide solar battery is between the plastic mounts. (Air Force Photo) 








Wider Uses — 
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Semiconducting raw materials are shown with representative devices. Left to right: Ger- 
manium single crystal ingot over germanium transistor; silicon single crystal ingot over 
silicon diode; powder mixture of metal oxides over thermistor; and silicon carbide mulli- 
crystalline ingot over symmetrical varistor. Not to scale. (Bell Telephone Labs, Inc.) 


@ SOLID MATERIALS FOR control and 
generation of electrical current—the 
semiconductors—are emerging from 
a period of rapid growth of theoret- 
ical and applicational development. 
They are exerting a compelling in- 
fluence on the design of electronic 
and electrical devices, and promise, 
because of their inherent efficiencies 
and potential dependability and long 
life, to broaden the area of applica- 
tion of electronic systems for control 
and communication. 
Semiconducting devices generate 
or control electrical current within 
the crystal structure or at the crystal 
boundaries of a solid element of 
compound. There is no mechanical 
motion, no transfer of ions, and no 
need for a power consuming heat 
source to provide free electrons. The 
energy required for control in sem- 
conducting devices may be vety 
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small, and little energy 1s consumed 
a th yntrol process. As a result, 
the ency of semiconducting de- 
vice oreater, sometimes in order 
of magnitudes, than standard de 
VILC 

Semiconductors perform non-ohm 
c functions, since their conductivity 


‘; non linear in regard to a numbe: 
of variables, vzz temperature, inci- 
dent light energy, electrical field, 
‘mpurity content, and crystal struc- 
ture. While each of these variables 
is useful in some devices, if only 
one is used all the others must be 
strictly controlled. Therein lies the 
prob slem of all semiconductor appli- 
cations. 


Rectifiers 
Semiconductor power rectifiers 
generally are not used at voltages 
higher than 200, although when 
connected in series for low power 
applications, higher voltages are pos- 
sible. The disadvantage of elements 
in series is that the individual resis- 
tances build up with a consequent 
voltage drop. At higher voltages 
thermionic tubes or ignitrons have 
good efficiencies. For low voltage 
applications, semiconducting _ recti- 
fiers provide high current densities. 
Copper oxide and selenium rectifiers 
perform well below 50 v and at tem- 
peratures below 150 F. More recent 
work with silicon and germanium 
has resulted in the development of 
efhicient rectifiers capable of operat 
ing at high power levels in the 
voltage range between 50 and 200 v. 
Westinghouse Electric Corp. has 
developed practical germanium recti- 
her units capable of carrying a rated 
load current of 200 amp at a for- 
ward voltage drop of 0.63 v. With 
these units rectifiers with capacities 
up to about 6000 amp at 65 v are 
practical. The rectifying junction it- 
self is a sandwich disk of germanium, 
tin, indium and molybdenum, about 
L1/, in. in diameter and 1% in. thick. 
The semiconducting element in this 
case must be protected from atmos- 
pheric or water vapor contamination, 
from excessive temperature (150 F 
max) and from excessive fault cur- 
rents. Units are either water or 
‘orced-air cooled. Since there is an 
increase in reverse current at higher 
‘emperatures, the power limits are 
determined by the amount of reverse 
urrent tolerable. Reverse fault cur- 
rent will destroy the p-” junction, 
s will fault currents over 3000 amp 
more than 10 cycles in the for- 
ard direction. 
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Silicon offers even greater advan- 
tages than germanium as a power 
rectifier material, as units will op- 
erate at temperatures up to 300 F, 
at this temperature con 
results. 


However, 
siderable 
Westinghouse is presently working 
on pilot models of air cooled 200 
amp silicon rec tifler tubes which are 
expected to perform with high efh- 
ciency on medium voltage electro- 
chemical and 250-v industrial service. 

Bell Telephone Laboratories has 
developed a “diffused junction” sili- 
con rectifier cell which will also tol- 
erate temperatures up to 300 F. As 
a power rectifier the unit operates 
with an efhciency of 95%, with the 
power loss almost entirely attribut- 
able to forward drop since the re- 
verse currents encountered are negli- 
gible. The diffused junction is pro- 
duced by heating a slab of single 
crystal silicon (doped to n-type) in 
the presence of the vapor of a donor 
such as phosphorus on one side and 
an acceptor, such as boron, on the 
other. This produces a layer of high 
conductivity doped silicon of con- 
trolled thickness on both sides of 
the slab, with a p-v junction slightly 
below the surface on one side. The 
highly conductive doped layers simp- 
lify the problem of making electrical 
connections to the slab, and the 
process has resulted in the develop- 
ment of silicon lightning protectors 
and solar generators (q.v.) as well 
as rectifier elements. 


reverse current 


Silicon Lightning Arrester 


Bell Telephone Laboratories’ low 


Power Transistor by Minneapolis Honeywell 
has an output of 20 w, uses metal chassis 


as heat sink for cooling. 





















loss silicon lightning arrester is sim- 
ilar to the rectifier cell, but with 
p-type layers on both sides of the 
n-type silicon slab. The unit is highly 
resistant to voltages of either polar- 
ity below its saturation point, which 
can be varied from 30 to 200 v de- 
pending on the amount of n-type 
impurity present in the base material. 
An experimental unit with 95-v satu- 
ration provided a voltage limiting 
characteristic of a little over 300 v 
for 20 microsec pulses of 5000-amp. 
The voltage over saturation is attrib- 
uted to the resistance of the silicon 
n-type layer, which amounts to about 
0.05 ohms. Barring contamination, 
silicon lightning arresters should 
have an indefinite, maintenance-free 


life. 


Solar Generators 


In the present state of technology, 
the only materials which hold prom- 
ise of converting radiant solar energy 
to electricity at reasonable efficien- 
cies are the semiconductors. There 
are now two solar power generator 
techniques under development: Bell 
Telephone Laboratories’ diffused 
junction silicon cell and Wright Air 
Development Command’s cadmium 
sulfide cell. Both cells operate on 
the principle that light energy will 
produce hole-electron pairs in semi- 
conductors. These hole electron pairs 
can be separated at a p-n junction 
and put to work in an external cir- 
cult. 

Bell Labs.’ silicon diffused-junction 
cell consists of a 0.0001-in. layer of 
p-type silicon formed over an n-type 
base. Maximum voltage developed 
is 0.5, at which Bell scientists calcu- 
late a theoretical maximum efficiency 
of 22%, although internal resistance, 
recombination of hole-electron pairs, 
and contact problems limit efficiency 
of working models to 8%. 

The cadmium sulfide cell is com- 
posed of crystalline cadmium sulfide, 
a semiconductor, in contact with sil- 
ver, which creates a p-n junction. 
Voltage developed by the cell is 
linear with the amount of radiation, 
until a plateau is reached at about 
0.6 v. Normal sunlight generates 
about 0.3 v. Air Force physicists 
claim the present cells, consisting of 
a single small crystal, develop about 
8% efficiency and have a potential 
of 20% if a transparent electrode 
for the ohmic connection to the 
crystals can be developed. Relatively 
pure cadmium sulfide crystals are in- 
expensive, since it is a common com- 
pound used as a paint pigment and 











sublimates and recrystallizes easily to 
provide extremely pure crystals up to 
14 in. in maximum dimension. The 
Air Force has not revealed whether 
power has been generated in usable 
amounts from aggregates of cadmium 
sulfide cells. 


Other Photoconductors 


Selenium and semiconducting com- 
pounds such as lead sulfide are com- 
mon photosensitive materials which 
have been used for years in vacuum 
photocells, lightmeters, and in de- 
vices which electronically amplify 
slight conductivity changes or photo- 
generated current. Germanium, sili- 
con and cadmium sulfide photocells 
now in production or under develop- 
ment have much greater sensitivity 
and operate at power levels suitable 
for direct operation of relays. 

Commercial germanium photocells 
or phototransistors are much smaller 
than their vacuum tube equivalents, 
and require much less illuminated 
area than selenium cells. The cells 
are shock-resistant because of the low 
mass of the germanium element and 
the small lens opening necessary. 
Generally, they are sealed in metal 
tubes behind a glass lens, the whole 
assembly being about the size of a 
kidney bean. Such cells are also 
sensitive to nuclear radiation and 
can be used as gages or warning 
devices. 

Commercial phototransistors have 
a light-dark current ratio of about 
20:1. 

Cadmium sulfide photocells, with 
a high output are now on the market. 
One subminiature, 14 in. by 14 in. 
is rated to deliver 2 to 5 ma. 


Varistors and Thermistors 


Varistor is an inclusive term. It 
refers to any two terminal, non-lin- 
ear, non-ohmic semiconducting de- 
vice. While power rectifiers and 
lightning arresters are basically varis- 
tors, we will limit the discussion 
here to circuit devices used at lower 
powers for temperature sensing, 
equalization, surge elimination and 
high frequency rectification (detec- 
tors). 

Copper oxide varistors have been 
used in telephone circuitry for over 
25 years, and the crystal detector of 
early radio sets is over 50 years old. 
However, it is only recently that the 
materials technology of these devices 
has emerged from ‘mixing-pot” 
techniques. 

There are two types of varistors: 


symmetric and nonsymmetric. Sym- 
metric varisitors are non-polar and 
exhibit the same resistance character- 
istics in either direction of current 
flow. Non-symmetrical varistors per- 
form a rectifying function, being 
more resistant to current flow in one 
direction than in the other. Non-sym- 
metric varistors will operate symme- 
trically by arranging two with 
matched characteristics in parallel 
with reverse polarity. 

Varistor materials include: silicon; 
germanium; copper oxide; copper 
sulfide; selenium; silicon carbide; 
mixtures of the oxides of nickel, 
manganese, cobalt and copper; and 
more recently, a host of stoichio- 
metric compounds composed of ele- 
ments from the third and fifth col- 
umns of the periodic table such as 
gallium antimonide, indium phos- 
phide, aluminum antimonide, indium 
phosphide, aluminum antimonide, 
and others. 

Germanium point contact varistors, 
or diodes, are in large quantity pro- 
duction for use in detector circuits. 
In the forward direction, germanium 
diodes will pass up to 25 ma at 1 v, 
while in the reverse direction, biased 
at 5 to 10 v, they exhibit resistances 
over 100,000 ohms and frequently 
up to several megohms. They are 
capable of handling reverse voltages 
on the order of 100 v. 

Silicon point-contact varistors are 
used in microwave circuits and have 
the lowest forward resistance of all 
types of varistors (in the range of 
10 to 60 milliamps forward current 
at 1 v.), while maximum reverse 
resistance is developed at a fraction 
of a volt. Reverse current rises rather 
rapidly and the unit will be destroyed 
at reverse voltages of much more 
than 5 v. 

Thermistors are varistors primarily 
designed to react to rises in temper- 
ature with a sharp decrease in 
resistance—making use of the funda- 
mental property of intrinsic semi- 
conductors. Since they can be non- 
polar, multi-crystalline semi-conduct- 
ing materials provide suitable 
vehicles. Many thermistors are on 
the market using a variety of 
ceramics, ceramic-metal oxide mixes, 
and other semiconducting mixtures, 
depending upon the temperature 
range, power, sensitivity and re- 
sistance levels. 


Transistors 
Transistors are without doubt the 
most important electronic device 


since the control grid was added to 


the thermionic tube. From t! 
point of design theory, ¢! 
perform all functions of yacy, 
tubes with the exception hio! 
power applications. From 
mercial standpoint, they ar 
in switching circuits and | 
power audio frequency amplifiers 
The gap between theory and ap 
plication is closing fast due to pro- 
gressive materials developments 
Transistors will be used in device 
as their dependability rises, thei; 
production problems are solved, and 
as their price declines. 

The basic materials of transistors 
are ultrapure single-crystal german. 
ium and silicon, carefully doped with 
proper impurities. To provide proper 
semiconducting characteristics, these 
metals are prepared with impurity 
levels reduced to the order of a few 
parts per billion. Lead telluride and 


Stand 


lead sulfide have recently been 
claimed suitable as transistor ma. 
terials. 


There are two general types of 
transistors—point contact and junc. 
tion. A point contact transistor is 
basically a small die of doped ger- 
manium to which an ohmic contact is 
made and on which are placed care- 
fully spaced point contacts with rec- 
tifying characteristics similar to those 
in diodes. One point is called the 
emitter, and serves to inject minorit) 
carriers (holes in the case of n-typ: 
germanium) into the base. The other 
point is the collector, which can be 
considered the output lead. Small 
amounts of injected minority car 
riers cause large variations in the 
collector-base current. Thus high cur 
rent amplification factors (alphas) 
result. The highest reported alpha 
for a point contact is 50, which is 
much too high for most applications, 
and commercial point contact tran- 
sistors are usually in the 2 to 3 alpha 
range. 

Junction transistors differ from 
point contact transistors in that all 
rectification and control takes place 
within the germanium or silicon 
ingot instead of at the surface. There 
are two types of junction transis- 


tors: fused junction, and grown 
junction. 
Grown junction transistors are 


formed by slowly pulling a single 
crystal of germanium of silicon from 
a melt so that the solid-liquid in- 
terface is at the surface of the 
melt. Small quantities of impurities 
added as the crystal is withdrawn 
produce a single crystal of successive 


layers doped to p- and n-type. The 
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The tiny square between the leads is the 
most promising high frequency transistor to 
date. A p-n-i-p fused-junction transistor 
such as this has generated frequencies as 
high as 460 megacycles, or four times that 
of any comparable triode transistor. (Bell 


Telephone Labs, Inc.) 


ngot is then cut into tiny dice less 
than 1 long and about 1/32 in. 
Each of the dice has three areas, 
p-n The p-2 junctions 
ire almost perfect rectifiers with an 
irea equal to the cross section of 
.e die. As this area is several hun- 
dred times as large as comparable 
point contact areas, junction transis- 
tors operate at higher power levels 
ind have considerably lower noise 
than the point contact types. 

junction transistors operate on a 
ir principle to point contact. In 

p-in ”-p junction, for example, the 
type layers are separated by a thin 
ayer of n-type material. W elded or 
ndium-soldered leads provide ohmic 
ntact to each area. The 7-t ype area 

5 as a base, with two p-” junctions 
separating it from the emmitter and 
lector sections of the unit. When 


; 


Oo! j]- p- 2. 


a bias voltage ts 


applied in the re- 
verse direction from the collector to 
he base, the p-7 junction offers high 


resistance to the passage of current 

However, when the emitter section 

I h ed n a torward du ion Il! 
Si 

(| ) rus Nn [ 

section and break down the rectify 

Ing properties of the base-collectos 


junction, allowing current to flow 


in the base-collector circuit 

At low frequencies or direct cur- 
rent applications, this process 1s rela 
straightforward, but high fre 

introduce a number of 
complic: iting parameters. The closely 
spaced junctions of either side of the 
base act as a capacitor and the width 
of the base causes a time lag due to 
the finite amount of time it takes 
holes to diffuse across the base to 
the collector junction. Thus the maxi- 
mum frequency cut-off of a junction 
transistor is a function of the width 
of the base and the capacitance 
effects. As the time-lag is also a 
function of material characteristics, 
the mathematical expressions for 
these parameters are complex. How- 
ever, design theory has been worked 
out so that given the material charac- 
teristics and geometries involved, the 
maximum theoretical frequency cut 
off of any junction transistor can be 
established. 

Fused-junction transistors operate 
on the same principles as do grown 
junction, but the fabrication tech- 
nique differs. The base layer is 
shaped alone, and doped material is 
fused on either side of it by plating 
or indium alloying techniques. The 
dimensions of fused junctions must 
be held within millionths of an inch, 
and base layer thicknesses sometimes 
are as low as 14 micron. 

A most promising new develop- 


tively 
quen¢ ies 


Germanium phototransistor being assembled by General Electric technician is sensitive to 


many types of radiation. 
























































" | oo 


| Z € 
~* 
- ~~ 


Ae SRE ALLELE, ALE TEBE RESELL EO LAIBLE REIT RO 





ment in the fused junction transistor 
field is the new p-n-i-p triod develop- 
ed by Bell Laboratories. The extra 


layer denoted by iS a lave! or 1n 


rinsic germanium—not doped ind 
has the eftect of lowering base thick 
SS Vil iS ipa [ 
aes The ; 
requency cut of for this conngura 
tion 1s about 3000 megacyles How- 
ever, frequency levels will remain far 


below this until many materials an 
fabrication problems can be solved “me 
less than one year, however, the maxi- 
mum frequency of operation of p-n 
experimental units has ieasonsadl feodn 
25 megacycles to over 450 megacycles. 

Germanium is extremely sensitive 
to temperature variation, and its elec- 
trical properties change permanently 
at temperatures greater than 200 F. 
This limits joining processes and seal- 
ing methods to those which are car- 
ried out at low temperature. Silicon 
is not as sensitive to heat but is in- 
jured by temperatures much in excess 
of 350 F. All commercial manufac- 
turers produce germanium transistors 
exclusively with the single exception 
of one firm, which also makes a sili- 
con transistor. All germanium transis- 
tors have a maximum operating tem- 
perature below 140 F. The silicon 
transistor has raised this maximum to 
210 F. Both semiconductor materials 
are extremely sensitive to water vapor 
and must be sealed off from atmos- 
pheric contamination to the extent 
that extreme precautions are necessary 
to avoid sealing atmospheric water 
vapor or other impurities in with the 
semiconducting material, or allowing 
it to seep in along the leads. 


Materials Research Advanced 


The research on semiconducting 
materials is more important, in an 
over-all sense, than the implications 
it will have for the future of electron- 
ics. Knowledge of the basic struc- 
ture of materials has been broadened, 
particularly in the field of crystalliza- 
tion. Industry has gained this knowl- 
edge, not through the happenstance 
of empirical mixing-pot techniques, 
but as a result of following a well- 
defined path from conceptual theory 
to experimental verification to prac- 
tical application. Scientists consider 
many of the original technological 
and research papers in the field of 
semiconductors as ‘classic’; yet the 
ink is hardly dry. In all probability, 
the whole history of the development 
of semiconductors will become a clas- 
sic pattern in the relationship of pure 
research to applied technology. 
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Hydrochloric Acid 


The resistance of titanium to 
hydrochloric acid is much better than 
its resistance to sufuric acid. Unlike 
the behavior in sulfuric, titanium 
appears to have a rather definite 
active-passive boundary condition in 
hydrochloric acid, remaining passive 
in acid up to about 314% at 100 F, 
11/,% at 150 F, 114% at 175 F, and 
1% at 200 F. The corrosion rate 
rises quite rapidly after the metal 
becomes active and slight breaks 
occur in the curves at about 2% at 
100 F, 2% at 150 F, and 4% at 
200 F. No appreciable break was 
found at 175 F and the curve shows 
a continuous rise after the samples 
become active. 

The rates in hydrochloric acid are 
appreciably lower than in the corre- 
sponding concentration of sulfuric 
acid and in contrast to the behavior 
in sulfuric acid no decrease in corro- 
sion rate occurs in concentrated 






Per Cent Sulfuric Acid 


Corrosion rates of titanium are considerably lower than those for many other common 


metals. Above charts show corrosion rates in various concentrations of hydrochloric acid 


at four different temperatures. 


hydrochloric acid. 

Although the passive range of 
titanium in hydrochloric acid is very 
narrow, the metal still shows rates 
which are considerably lower than 
those shown by many other common 
metals and alloys. Because only a 
few of the high nickel-base alloys 
and the noble metals are extremely 
resistant to hydrochloric acid and 
most other metals show very little 
or no resistance to the acid, titanium 
appears to have very good resistance 
to moderate concentrations of the 
acid. 


Effect of Additions to 
Hydrochloric Acid 


The use of metal ions as inhibitors 
for hydrochloric acid is rather limited 
and in fact it is rather unusual to 
obtain any appreciable amount of 
inhibition with the commonly used 


inhibitors. Thus, in contrast to the 
behavior of most metals and alloys 
titanium, while rapidly attacked by 
35% hydrochloric acid at 100 F, 1s 
almost completely resistant to a mix- 
ture of 3 parts of hydrochloric to 1 
part of nitric acid (commonly known 
as aqua regia). Actually the effect 
of a particular addition is more pro- 
nounced in hydrochloric acid than in 
sulfuric acid at the lower tempera- 
tures; at higher temperatures hydro- 
chloric acid becomes more active and 
the beneficial effect of additions 
noted at the lower temperatures 1s 
somewhat decreased. The rates in 
inhibited hydrochloric acid are as 
low as the corrosion rates found in 
certain concentrations of sulfuric acid. 


The investigation with both acids was 


ducted for the Titanium Metals Corp. of 


America. 
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W. HARPLE, Allegheny Ludium Steel Corp.* 

















Per Cent Hydrochloric Acid 





























r) | i A. dies a 
“0 4 8 12 6 20 24 28 30 50 75 J 
Per Cent Sulfuric Acid 0.08 
4 
928 ! ! 0.0¢ 1 
| | 
1.7 t + + ~<a —— — ———— £ +> —E 
g ta) | AtI75F : ] 
6 1.528 } 1 —— S 0.080 4 
ee = 
2 sail + + 
¢ a 
Q al 20 T = 
728} Seapine 
528} “| 1 
a ‘ rf i T 
22R} c i 
v 4¢ | < I + 
Doe 
S 0028 } 
S pal = sl 
i “| « — > | 
2 0024} + jt + . | 
C) | \ C 
& 0020 t es, 7 a omen 2 0.0030 t t t + ee 
© OOI6 + —+—+——4 + ++ a —___ 3 i } i a | 
° oS 
© O0I2 _ 4 7 _ ——+>—— ———_———_—__ 0.0020 —_— T 
5 o008}— $j _}__j }__ a — te : 
0.004 $+ } ee ee — — 0.0010 }—+— ' J Tiecoanions 
0 an GEE Geel Gee 
0 2 3.4 $55 © @4@ © 8 & 0 } 
Per Cent Sulfuric Acid ) ' : = 4 6 8 10 


Sulfuric Acid 


Tests in pure sulfuric acid solu- 
tions indicate that titanium behaves 
lifferently from the passive alloys, 
such as the stainless steels, and from 
such metals as copper or nickel 
which show reasonably low and con- 
stant corrosion rates at all except 
very high concentrations. However, 
in many respects, titanium probably 
exhibits properties of each of the 
above mentioned metals. 


For example, although some tita- 
nium has shown a narrow passive 
range at very low concentrations and 
temperatures, this particular heat 
showed no definite passive zone in 
dilute acid at low temperatures. In- 
stead, the corrosion rates appear to 
increase gradually as the acid con- 
centration increases from 0%. There 
is no region where the rate of attack 
is constant and almost negligible, 
and there is no abrupt rise in corro- 


w with Mathieson Chemical Co. 
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Per Cent Hydrochloric Acid 


In many ways, titanium exhibits corrosion properties similar to such metals as stainless 


steels, copper and nickel. Above charts show corrosion rates of titanium in various con- 


centrations of sulfuric acid at four different temperatures. 


sion rate at some limiting concen- 
tration which distinguishes the change 
from a passive to an active state. 

While titanium has a definite pas- 
sive state in many corrosive media as 
shown by its generally good corro- 
sion resistance, results here indicate 
that apparently even in dilute sul- 





Corrosion Data Relative 


Commercially-pure titanium, 
while essentially free from any 
detrimental impurities, varies 
considerably, from heat to heat, 
in the amount of trace elements 
present. Since these elements can 
have considerable effects on the 
corrosion properties, results ob- 
tained in corrosion studies are 
elative and should be used 
merely to indicate the general 
behavior of the material in a 
corrosive environment. 















furic acid the conditions are unable 
to maintain a passive state. As all 
specimens employed were activated 
before testing, the inherent ability of 
the metal to become passive must be 
assisted by the envionment itself. As 
pointed out by Kiefer and Renshaw, 
the oxidizing ability of sulfuric acid 
is very slight at low acid concentra- 
tions. Probably the oxidizing power 
of the sulfuric acid is not sufficient 
to promote passivation of titanium 
in many cases, especially with a 
wealth of hydrogen ions available 
which are tending to activate. 

In spite of the fact that the metal 
shows an active condition at acid 
concentrations as low as 0.5% the 
corrosion rates in percentages even 
up to 10% at 100 F are not too high 
to rule against its use for many com- 
mercial applications. Other metals 


which do not exhibit any passive 
state in sulfuric acid are frequently 
such 


employed for applications 




















In carrying out this corrosion 
study every effort was made to pro 
vide a uniform testing procedure 
Tests were run on samples cut from 
a single sheet of Type 75A. Pre 
liminary potential measurement 
showed that an activating treatment 
in a 50% by volume solution of 
hydrochloric acid at 150 F produced 
a fairly constant active potential 
Therefore, all samples were im 
mersed for five seconds in the hy 
drochloric acid activating solution, 
water rinsed and then immediately 
placed in the sulfuric or hydro- 
chloric acid testing solution. Tests 





Testing Procedure 


were carried out in duplicate for a 
two-hour period in beakers sub 
merged in a constant temperature 
water bath. In preparing solutions 
hemically pure sulfuric and hydro 
hloric acids and distilled water were 


employed; reagent grade chemicals 
were used for the inhibitors 
While the corrosion rate of some 


other metals may be affected by the 


amount of dissolved oxygen in the 


solution, data in the table indicate 
that the degree of aeration is not 
significant in the case of titanium. 
Consequently all tests were made in 
non-aerated, non-agitated solutions 


Corrosion in Sulfuric Acid at 100 F 





| Rate in In. Penetration per Month 




















Acid % 
Air bubbled Hydrogen 
As mixed through bubbled through Deaerated 
2 | 0.001 0.001 0.002 0.00] 
4 0.002 9.002 0.002 0.002 
| 
10 0.003 0.004 0.003 0.003 
| ' 
where corrosion rates of similar rates through this region, due to the 
magnitude are shown. minimum solubility of oxygen in 
As acid concentrations become about 70% acid, but titanium shows 


higher, the hydrogen ion concentra- 
tion approaches a maximum at 30% 
by weight and then decreases with 
further increases in acid concentra- 
tion. It might be expected that the 
corrosion rates would tend to rise 
proportionally to a similar maximum 
at 30%, since the metal is always in 
the active state. However, other fac- 
tors than hydrogen ion concentration 
alone must be involved in the disso- 
lution of the metal. The corrosion 
losses do not consistently rise at the 
same rate. For example, at 100 F 
the curve is essentially a straight line 
up to 30% where it changes slope. 
Above 30% the slope increases quite 
sharply. The curves at higher tem- 
peratures show similar characteristics. 

Titanium is no different from 
other metals in failing to show a 
maximum at 3%. The gradual rise 
in corrosion rates up to about 30% 
indicates a behavior somewhere be- 
tween that of ferrous metals and a 
metal such as copper. 

Above 30% at 100 F, the straight 
line characteristics are no longer 
present, and titanium shows a rapidly 
rising curve up to a maximum of 
70% sulfuric acid. Copper and 
nickel show their lowest corrosion 


its highest rates in a manner similar 
to ferrous metals. Since the maxima 
shown by mild steel, stainless steel 
and titanium fall at 47%, 60% and 
70% respectively, it is probable that 
complex chemical reactions within 
the acid itself are taking place, and 
the products of these reactions have 
widely different effects on the three 
metals. Titanium is like ferrous me- 
tals in this acid concentration range. 

Beyond 70% the decrease in cor- 
rosion rate might be expected be- 
cause of the low degree of ionization 
in concentrated sulfuric acid. Tita- 
nium is attacked at an appreciable 
rate by concentrated (95%) acid 
even at 100 F, in spite of the very 
low hydrogen ion concentration. At 
95% acid, very strong oxidizing con- 
ditions are present which would be 
expected to be beneficial in promot- 
ing a passive condition. Mild steel 
and stainless steel both show excel- 
lent corrosion resistance in concen- 
trated acid due to the formation of 
protective corrosion products on the 
surface. Indications are that in the 


case of titanium the oxidizing con- 
ditions do not prevent attack and in 
this respect the metal is similar to 
products 


copper. The corrosion 







formed at this concentratio: 
ently are fairly soluble or 
especially protective in natur 
further attack. Furtherm: 
corrosion rates at 95% are aly 
higher than those in the transit 
range. 

Although tests in pure a 5 
tions indicate that titanium has ma 
characteristics of nonpassive metals 
additions of salts and oxidizing 
agents to these solutions tend to djs. 
prove this fact in the 5% to 304 
sulfuric acid range. 


Effect of Additions to Sulfuric Acid 


A series of different sulfates was 
added in small amounts to 5% sul. 
furic acid at the four temperatures 
It was found that the presence oj 
added sulfates materially lowers cor. 
rosion rates in 5% sulfuric acid. As 
the temperature increases, the effec 
of these added salts becomes les; 
pronounced, with the exception oj 
copper sulfate. At 100 F nickel su! 
fate and copper sulfate are the mos 
effective in inhibiting attack, fol 
lowed in decreasing order by ti 
(stannous) sulfate, ferrous sulfate 
and sodium sulfate. 

In 30% sulfuric acid the addition 
of small amounts of chromic acid or 
copper sulfate, both strong oxidizing 
agents, is sufficient to produce pas 
sivity of the metal. It would appear 
that titanium belongs to the passive 
class of metals, since it is so definite. 
ly affected by additions of oxidizing 
agents. However, 30% pure acid 
was indicated as the transition con 
centration above which the meta 
assumed characteristics of the ferrous 
metals. 

While there are many voids in the 
data which must be filled to obtain 
a more positive picture, sufhcient in 
formation has been obtained to ind 
cate trends. Behavior of titanium in 
pure acid solutions shows character 
istics somewhat different than would 
be expected of a passive type alloy 
At certain concentrations a_ vet) 
marked resemblance to nonpassivé 
type metals such as nickel was ob 
served. However, additions of salts 
or oxidizing agents have passivating 
effects which would be encountered 
only with alloys of the passive type. 

Until more is known about the 
actual relationship between the struc- 
ture of titanium and its behavior 
under different solution conditions, 
the various theories of passivity ap- 
lied to other metals and alloys can 
be equally well applied to titanium 


MATERIALS & METHODS 
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Materials 
at Work 


VEMBER, 


Here is materials engineering in action... 
New materials in their intended uses... 


Older, basic materials in new applications .. . 


Jumbo Rubber Tire Weighing 2600 Ib and standing 8 ft tall, this 30.00-33 
tire is made by U. S. Rubber Co. for use on earth-moving and strip mining 
equipment, bottom dump trucks and self-loading scrapers. About 2 miles of 
bead wire are used in the tire, and the tread is nearly 314 in. thick. 
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Reinforced Plastics at the Flickers ‘This screen for a drive-in theater is 
made of plastics reinforced with Owens-Corning glass fiber. The screen 
measures 80 by 40 ft and is curved for the radius of light projection. It is 
supported by a 2 by 2 by 14-in. angle iron frame. 


Va ® 





Tiny Glass Photoconductors Slips of glass, coated 
with lead sulfide, that are 10,000 times as sensitive 
to certain infrared rays as previous laboratory in- 
struments, have been produced by the Eastman 
Kodak Co. Known as Ektron Detectors, the devices 
are expected to find wide application in instruments @ 
which operate by detection of warm objects in their - 
immediate vicinity or over long distances. Though 
the cell reaches its peak of sensitivity in the invisible bat 
Or | 


<i heat rays of the near-infrared, it is said to be highly 
sensitive to all colors of visible light and to ultra @ ™°! 
EIR violet — 


In addition to its possibilities for heat detection ven 


- devices and for replacement of “‘electric eyes’’, the ’ 
company expects applications to be found in the Stee 
automatic control of chemical processing plant for 
operations and in electrical equipment where me rs 


chanical switching devices are bulky, impractical of 
unreliable. 
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Bolts and Nuts for Skyscrapers The high strength bolt method 
of joining structural steel in skyscrapers is becoming more and 
more widely used. The bolts are said to be easier and safer to 
install and provide as much or more strength to the joint as con- 
ventional riveting methods. 

U. S. Steel Supply Division of U. S. Steel Corp. and Lindberg 
Stee! Treating Co. have developed successful heat treating methods 
for the washers, which enable them to transmit the clamping force 
of the nut and bolt without gouging or scoring, and to provide 
the ductility to form with the steel members. 
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Switch from Copper to Aluminum Cuts Cost 


A switch from copper and copper 





iluminum for these basic elements 

qgevices l inuract ired Dy Robe rtsn 

Controls ( ) has res ited in sub 
lows’ S as ( eqauction 

the material. [Though the aluminum |: 


more expensive than the copper, the 


differential allowed reductions in the cos 

the materials shipments, and in the pping 

cost of the finished devices. ite 
Additional advantages were obtained fo, 


several of the components through 1) the 
ability of aluminum to hold grease at 259. 
350 F temperatures better than the brass pre. 
viously used; 2) improved machinability of the 
aluminum; and 3) resistance of aluminum to 
corrosive attack of gases, particularly sour gases, 

Parts shown are: 1—gas cock plug for gas 
range oven thermostat ; 2—pilot body; 3 mag. 
net type cap for gas water-heater controls. 
i—filter type cap for gas water-heater controls 
5—pilot valve insert; 6—pilot valve cap; 7 
orifice spuds; 8—dial screw. 


Aluminum-Ferrous Bond Aids Cooling of 
Generator The Al-Fin method of bonding 


aluminum to ferrous alloys is being used to 
speed heat exchange in this liquid-cooled air. 
craft generator. The pre-formed steel tubes for 
coolant oil and stator lamination stackings are 
bonded to the light metal by the Al-Fin method 
developed by the Fairchild Engine and Air 
plane Corp. This intermetalli bond provides 
a high degree of heat dissipation into the 
aluminum. The heat is then carried away bj 
the coolant circulating through the coils. Shown 
here are the preformed tubes and lamination 
stacking after application of the bonding coat 
which is the first step in the process. At left 
is the finished bimetallic casting. 


Rectangular Copper Wire Coated With Film 
Insulation An increase in the reliability 0! 
transformers is said to have resulted from the 
development of a film coating which will not MA 
peel or chip from the corners of rectangulat | 
copper wire. The film, called Formex, is 4p 
plied to the wire by a method developed by 


the General Electric Co.’s Distribution Trans- z 
former Dept. and it is also said to. allow rt 

duction in transformer sizes and weights. The — 
copper conductor is given 5-8 separate coats B® ‘ 
of the film, each of which is baked. According fj ** 
to the company, 3 mils of Formex film has 4 ful 
higher insulation value than 5-7 mils of paper 9 "ls 
or paper-and-cotton insulation. Proc 
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Adhesive bonding can be accomplished by a number of different 

lg of methods: spatula (top), pressure bonding (left), brush (center), spray- 
; ing (right), and tape (bottom). (Curtiss-Wright Corp., Consolidated Vultee 

— Aircraft Corp., Minnesota Mining ond Manufacturing Co.) 
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t Adhesive Bonding 


by HELMUT THIELSCH, Grinnell Co. 


Film There are at least 24 different types of structural adhesives 
ee ol in use today. Each type can be altered to meet different end- 
m_ the use or fabrication requirements. Most types can be made 
ill not J MATERIALS & METHODS available in several different forms. The result is a variety 
~ MANUAL No. 110 that can be confusing to the uninitiated. This manual takes 
ed by you behind the meaningless array of tradenames, numbers 


This is another in a series of 


Trans: Papa lf and chemical labels. It tells you what types of structural ad- 

yw re: comprehensive articles on engineering al | h hej : | 

the Py Mtericls and their processing. Ech esives are available, how their properties can be altered, 
coats ME complete in itself. These special in what forms they are available, for what bonding methods 

yrding I tions provide the reader with use- they are suitable, who makes them, and for what applica- 
has 2 J! data on characteristics of mate- tions they are recommended. It also tells you how to go 
paper Ba "sls or fabricated parts and on their about selecting the right adhesive for a specific application. 


Processing and applications. 
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Table 1—Typical Characteristic, 





iz Room Temperature Properties 




































































Available Commercial Commonly Usual _ 
Type Form Bonding ) Used Curing | 
Methods | Solvents | Time | Creep | Shear Peel Imp 
| | | | Res | Str Str St 
| / 
Polyvinyl Acetates | Liquid | Solvent-release | Ketones, toluol, methyl acetate | At 250- | P-F | G | F-M P.G 
| Emulsion | Water evaporation | Toluol, trichloroethy lene 350 F, | P-F G G P.G 
Coated dried film | Reactivation Toluol, methyl ethy! ketone 3 sec | PF G G | PG 
Polyvinyl Alcohols | Liquid Water evaporation | Water only | P-F F F GC 
Acrylics Liquid Solvent-release Esters, ketones At R.T. P F P i ¢ 
Liquid Emulsions 30 min- P F P |S 
Liquid Catalyst | 24 hr F-G F G | G 
Cellulose Nitrates | Liquid Solvent-release | Acetates, ketones, alcohols P-M F-G M-G | MG 
| ; 
Asphatts Liquid Solvent-release | Naphtha | PM | PM |P | Ff 
Liquid Water evaporation | Water P-M P-M P | F 
Solid | Heat P-M P-M P F 
Oleoresins Liquid | Solvent-release | Naphtha P-F | M PG | F 
NOTES: 


P = poor, F = fair, M)}= moderate, G = good, and E = excellent. 


Types of Adhesives 


The number of nag marketed 
presently is very large and is con- 
stantly growing by new types or by 
compounding of existing types. Since 
many adhesives are marketed by trade 
names without identification of the 
chemical group to which they belong, 
their identification is quite 
difhcult and confusing to the user. 
Compounding of several groups of 
adhesives into new types, hardening 
the same types with different cata- 
lysts, or incorporation in the formula- 
tion of extenders and other 
modifiers further complicates their 
classification. 

In fact, many of the major adhe- 
sives manufacturers disagreee with 
the approach of describing adhesives 
in accordance with the base materials 
used in their respective formulations. 
There is some justification in this 
since the engineer should be more 
concerned with the end properties 
and cost than with the particular ad- 
hesive formulation. It is not uncom- 
mon that an adhesive manufacturer 
has several customers bonding the 
same material with completely differ- 
ent adhesives. Of course, in most 
cases their end uses differ in regard 
to strength, heat resistance, joint 
thickness, chemical resistance and 
recommend 
particular basic adhesive type 


often 


fillers, 


other re quirements. To 
that 
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® Properties 
bonded, the bond 


(for example, a phenolic) should be 
used for joining wood to metal may 
be very misleading. For these reasons 
most manufacturers of adhesives try 
to insist that questionnaires be care- 


fully completed by the prospective 


user whenever there is a_ possible 
question regarding the exact nature 
of the bonding requirements. Some- 


times samples of the items to be 


bonded are also requested. The great 
Variation i1n 
the 


adhesives 


service requirements iS 
many of the 
manufactures have 
and 


many of 


also 

major 
literally 
formulations, 


reason why 


hundreds hundreds of 
which have 
been specifically designed to do a 
certain job, in some cases for an in 
dividual user and in for an 
entire industry. 

Nevertheless, to bring some order 
into this apparent complete confu- 
sion, the materials engineer usually 
finds it necessary to approach his ad- 
hesive problems from the standpoint 
of the basic ingredients and proper- 
ties of available adhesive formula- 
tions. 

In structural-type and/or metal- 
bonding applications distinction is 
ordinarily made among four groups 
of adhesives: 


others 


Thermoplastic adhesives 
2. Thermosetting adhesives 
3. Elastomeric adhesives 
i. Adhesive alloys 
Basically adhesives are long chain- 


like molecules. They consist essen- 


wom yO nema as materials to which the adhesive has 
‘y Depends also upon whether joint used is structural or non-structural. 


tially of small molecules (cal 
monomers) which are linked together 
as result of a chemical reaction called 
polymerization. 

In thermoplastic and elastomer 
adhesives the molecules occur in ¢s- 
sentially long, linear chains wit! 
relatively little tying together ( 
linking) taking place. In the therm 


setting 


CTOSS- 
adhesives, considerable tying 
the 
occurs which results in a three-dimet 

sional cross-linked molecular net 
work. As a general rule, therefore, 
thermoplastic and elastomeric adhes 
ives are more flexible though weaker 
than the thermosetting adhesives 

By changing or modifying 
chemical composition or the size and 
shape of the molecules, extensive dil- 
ferences can be obtained in the prop- 
erties of adhesives. 

A monomer polymerized into : 
long-chain molecule generally ts re 
ferred to as a polymer. Polymeriza 
tion of the non-adhesive vinyl acetate 
into the adhesive polyvinyl acetate 
is an example. Polymerization of two 


together of long-chain mo 


different monomers may produce 3 


copolymer with still different proper 
ties. An example is the synthetic 
Buna-N elastomeric adhesive 


diene and acrylonitrile monomers. 


Thermoplastic Adhesives 


The thermoplastic adhesives (ike 


waxes) can be softened or meite 
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mercial Thermoplastic Adhesives 
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| | Joint Design 
ie Temp, F Resistance to: |  Preference* 
asia Other / 
mt. ' | | Properties | ) Applications 
| | Oil | Hydro- | | Strue- | Non- 
Min Max” | Water | and | carbon | Solvents | | tural | Struc- 
| | Grease | | | | tural 
125 P-F GE | GE P-F | Wettack-G| P | E | Metal glass, ceramics, mica, wood, cork, leather, 
125 | P-F G-E | GE P-F | Wettack-G| P | E | cloths, paper and many plastics films 
125 P-F | GE | GE P-F Wet tack-G; P E 
-— 
-% 150 F | E E G Wet tack-E| P-F G Paper and film laminates (packaging) 
| BG: 1 ¢ FG | P Clear bonds G | Plastics 
125 F-G | G F-G P | Clear bonds G 
125 F-G ' G F-G P G 
: E E E G Metals, glass, wood, leather, cloths, thermo- 
plastic resins, etc. 
P E Asphalt tile, concrete, glass, paper and felts 
P E 
-20 | 100-150 F-G F-G P-F P Tack-E G G Acoustical tile, masonite, linoleum, plasterboard, 
cork and similar materials 
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Structural Adhesives—A Long Way in 40 Years 


Prior to World War I the only ad- 
hesives used in volume were vegetable 
and animal-base glues limited primarily 
to the bonding of porous materials 
uch as wood, paper, textiles and leather 
products. For example, vegetable glue 
has been widely used in plywood manu- 

ture since about 1903. Developments 

ide during the First World War re- 
sulted in their first important aircraft 
pplication. Casein glues were used 
in structures on airplanes where it 
was recognized that high torsional ri- 
gidity was obtained by gluing the ply- 
wood skin to the wooden box spars. 
This allowed elimination of the ex- 
ternal bracing of the wings necessary 
on the earlier planes. 

Further advances came with the de- 
veloment of thermosetting urea-formal- 
dehyde and phenol-formaldehyde syn- 
thetic adhesives during the 1920's and 
30's which, unlike the vegetable and 
casein glues, ex- 
hibited excellent resistance to water and 
to mold and fungus attack. Interest in 
further development of adhesives con- 
tinued to be limited primarily to ply- 
wood and other wood products for fur- 
niture and housing, and to bookbinding 
and packaging. Interest in adhesives 
remained strong also in the aircraft in- 
lustry where problems arose with the 
gradual substitution of light metal for 
vood, because urea and phenol-formal- 
ehyde adhesives were limited to joints 
vhere at least one of the surfaces to be 


1954 


joined was porous. Thus metal-to-metal 
joints had to be made either by means 
of screws or rivets or by welding, braz- 
ing or soldering. 

A real need existed for alternate 
methods to join metals not only to 
themselves and each other but also to 
other non-metallic materials. The need 
for better and more economical fabri- 
cating methods also led to a continued 
search for the improvement of existing 
methods by the adoption of new know- 
how gained in related fields. Rubber es- 
sentially was the first “‘plastic’’ of com- 
mercial importance. The developments 
of the various resin types resulted in 
their being processed, modified and 
evaluated also as adhesives. When 
found to offer useful adhesive prop- 
erties they were marketed as com- 
mercial formulations. 

The great bulk of adhesives is still 
being used in “non-structural” applica- 
tions in the packaging and textile in- 
dustries. Most common types of glues 
are the “flour-water’’ glues, the hide 
and bone glues, and the polyvinylace- 
tates. Next in importance are the 
HCHO condensation glues for ply- 
wood, and the rubber-base adhesives. 

Until the late 1940’s the “‘structural- 
type” adhesives were primarily used in 
the aircraft and automotive industries. 
Since then more and more industries 
have begun to accept adhesives as re- 
liable bonding materials for structural- 
type joints. 


(often repeatedly) by heating, and 
hardened by lowering the tempera- 
ture. The major characteristics of the 
more common types of thermoplastic 
adhesives are summarized in Table 
l. 

The ready softening or melting of 
thermoplastic adhesives is advanta- 
geous in that the bonded joint can be 
y nongen by slight indirect heating 
of the bonded area. It is disadvan- 
tageous in that the softening occurs 
at temperatures considerably below 
the melting point. At best, thermo- 
plastics may be used at temperatures 
up to 150 to 200 F if the bond is 
essentially unstressed (i.e., a non- 
structural type of joint). Because of 
their relative softness, they exhibit 
poor creep strength even at room 
temperature—a weakness which must 
be compensated for by incorporating 
into the design, wherever possible, 
caps, folded overlaps or rivet stiffen- 
ers. Most of the lower molecular- 
weight thermoplastic adhesives be- 
come brittle at sub-zero temperatures. 


Polyvinyl acetate adhesives provide 
good adhesion to metal, glass, wood, 
cork, leather, fabrics, paper and many 
plastics, and are extensively used in 
the paper container, shoe and furni- 
ture industries. They are also used 
for laminating metal foil and cellu- 
lose acetate film to paper. Most for- 
mulations are marketed as water 
emulsions with a solids content vary- 
ing between 30 and 60%, which is 


b 
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higher than the solids content of the 
corresponding solvent-release types. 


The cured adhesive is characterized 


by 900d toughness and wat resist- 


Lf) 


s 
emulsions. ostarch or < y are Widely 


; } 
used as extenders. 


Acryli adl esives are used [fo bond 


A 


plastt materials. thin 


‘ t ' 
Sart | | 
Wal i Uiarly 
A d 


products where transparency of the 


adhe sive 1S de sirable ‘ 


( ompounding 
may vary their properties from soft 
and tacky to tough and hard. 


Ceélinlose nit 


LT AlL¢ adhesives are used 
to bond metals, glass. wood. leather. 
cloth, thermoplastic resins and other 
materials. They are also well known 
for their use as versatile household 
cements. 

Asphalt adhesives are widely used 
in bonding of asphalt and plastic 
flooring tiles, concrete. glass. cork. 
pape r and felts to each other and to 
metals. For example, they are em- 
ployed extensively in fastening sound 
deadening and ‘insulating felt to 
metal Theit 


equipment. strength, 


tively poor. Compounding, particu- 
larly with natural and reclaim rub- 
be to 2s wide ly emploved tO lMprove 


CO iohne SS, he it resistan ete! othe: 


| operties Th 
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isOonite Lino- 
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als to each other and to metals 
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[hese adhesives exhibit 
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Thermosetting Adhesives 


The thermosetting adhesives will 
soften with heat only long enough 
for the cure to start. Upon comple 
tion of the curing reaction they will 
remain essentially hardened, and can- 
not be remelted. They will, however, 
decompose upon exposure to temper- 
atures exceeding certain limits char- 
acteristic of each particular material. 
The limit depends upon factors such 


as state of cure, and C mp¢ rature and 
Although most of the 
thermosetting adhesives will not de- 


500 F. 


time of curing 


ompose unless heated above 


some may decompos even as low 


The original strength 


, , 
by thermosetting adhesiv 
higher than that of the th 
ind laston ri (vp 

Lil Lot i } » 

| if the 

8) ) ne ( 
Vey FOOC Cp I _ 
} } ene lly 1 tet 
1C\ ovene LLY } 


ations where the bond ren 
stress. Nevertheless, with 
temperature thermosetting 
will lose strength. 


The 


Mort 


major characteristics 
common types of thern 
adhesives are summarized in 7 
Phenolic adhesives provid 
lent adherence to wood, meta 
glass. For bonding they usually 
quire heat and pressure. Phenoli 
ins are also extensively used as mod 
fiers blended with elastomer 
thermoplastic adhesives to iImpt 
their adhesion, strength, and 
hemical resistance. 

Resorcinol and phenol-r 
adhesives are marketed as liq 
the form ol 


Formaldehyde ( 


ns. usually in 


watel solutions 






























































even at room temperature, is rela- as 150 F or as mixture), supplied as a sepa 
Table 2—Typical Characteristics « 
Room Temperature Properties" 
| Available | Commercial Commonly Usual sisbediiiteane 
Type Form Bonding Used Curing 
Methods Solvents Time Creep Sheor Peel imp 
Res Str | Str Str 
Phenolic Liquid | Heat (250-300 F) and | Alcohol, acetone, | 5-10 min G ee F-M 
| pressure (150-300 psi) | water ! 
| Powder | Heat (250-300 F) and | Alcohol, acetone, | 5-10 min | ey F F-M 
pressure (150-300 psi) | water | 
Films Heat (250-300 F) and | Alcohol, acetone, | 5-10 min G F F-M 
pressure (150-300 psi) | water 
Resorcinal } Cold Water 8-24 hr G 3000 
Phenol-resorcinal Liquid .|\;Heat (75-250 F) and | Water 1 min-8 hr 3000 
pressure (10-200 psi) 
Epoxy (ethoxyline) Liquid | Catalyst Acetone 16-76 hr E 1000-3000 | F M 
Panne Catalyst 12-48 hr E 1000-3000 | F M 
Liquid | Heat (250-500 F Acetone 10 min-24 hr 'E 2000-4000 | F M 
Paste | Heat (250-500 F 10 min-24 hr E 3000-5000 | F M 
Powder | Heat (250-500 10 min-24 hr E 3000-5000 F M 
Rod Heat (250-500 10 min-24 hr E 3000-5000 F M 
Urea-Formaldehyde Liquid | Pressure (30-250 psi) 10 min-12 days G P F 
Powder | Pressure 150-250 psi) 10 min-12 days G P F 
Liquid | Pressure (25-50 psi) 5 min-12 days G P F 
Melamine-Formaldehyde Pressure (150-250 psi) 5 min-12 days G F F-M 
Alkyds Liquid | Contact pressure M G 
NOTES: * Properties vary somewhat with the materials to which the adhesive has} 
bonded, the bond , ete. 
P = poor, F = fair, M = moderatc,G = good, and E = excellent. b Depends also upon whether joint used is structural or non-structural. 
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the resin solu- 


oe added CO 
the bonding operation 


hardening reaction. Aftet 
; | } 
solu ion should [| KeCD 
i 
x | 
rh) Or oOnds | j D 
a. ’ ’ 
. > i 
I 
, 
Lo ( i 5 A 4 
hese adhesir , 
nese aanesives are used 


to bond plywood and other 
as peer oe 


and phenoli 


ducts, as well 
nvlon, acrylic 
(ethoxyline) 


excellen 


idhesives pro 
de exc t adherence to 


metal, 
class, ceramics, wood and most plas 
ics. They have good wetting charac- 
formulated to 
shibit excellent capillary flow at tem- 
peratures between 250 and 350 F. 

t upon application to the pt ha 
hey flow readily into the joint and 

re subsequently cured. Only contact 
pressure is required for good bond- 


ristics. They can be 


i-formaldehyde adhesives are 

lely used for bonding plywood and 

ther wood products. For bonding 
hey usually require pressure between 
and 250 psi. Heating is not al 


ways required, However, curing rates 
may be increased by heating at tem 


mmercial Thermosetting Adhesives 


peratures up to 260 FF. Thus. commer 


ial practice generally consists of hot 

pressing al temperatures ol 40 [tO 

60 | Modifiers h as furfural a 

ohol l ) iny I lati 
id hick n 

} Ky 

5 I tl S( ¢ 

reauce Cost, a nour iS not 

added to the craze-re 


Stant types 

Me i min F } malde h Wee 
are being increasingly 1 
wood and 


adhe SIVeS 
ised j in the ply 
woodworking industries 
For reasons of cost they are generall; 
combined with urea resins. Curing at 
temperatures between 240 and 260 F 
at pressures between 150 and 250 psi 
is essential. 

Alkyd adhesives are used primarily 
to bond metal laminations as used i 
motors and transformers. They are 
also used as sealers in plumbing fit 
tings and in maintenance of washing 
machines and _ similar equipment. 
They generally do not contain solv 
ents. Therefore bonded surfaces may 
be closed immediately upon applica: 
tion of the adhesive. Depending upon 
the catalyst, may be accom 
plished at room temperature or by 
slight heating at temperatures up to 
200 F. Some formulations are modi- 


curing 





fied by thermoplasti monomers and 


italysts (styrene, acrylics, etc.) to ex 


rend or moditgy thett propert! 


Elastomeric Adhesives 


Vi 
| ‘ , . > 4} " 
plastic sin adhesives in that they 


soften with increasing emperature, 


though generally at a slower rat 


However, they never melt completely, 


but remain viscous and sticky until 
The major character 
the more common types of 
elastomeric 


Table 3. 


they decompose. 
IStics 
adhesives are given in 
In commercial practice almost all 
modified with resins 
which may be thermoplastics (as ros- 
in, ester vinyl gum, etc.), or thermo- 
setting (as phenolic, epoxy, etc.). By 
further adding curatives to the ther- 
moplastic formulations these elasto- 
meric-base may be made 
The few straight elas- 
tomeric-base adhesives (no resins) 
available commercially usually are 
marketed as low-strength cements for 
bonding paper and other similar 
materials. 

Bonding of the elastomeric-base ad- 


elastomers are 


adhesives 
thermosetting. 












































Joint Design 
Service Temp, F | Resistance to: Preference 
Sa ~ | Other 
| Properties Applications 
' Oi Struc- Non- 
Min Max” | Water and | Gasoline! Solvents tural Struc- 
Grease tural | 
-30 Es ae ete Gat ced BIE. G E Plywood and other wood products, metal and 
| | | | glass. Also extensively used as modifiers in 
| | | | elastomeric and thermoplastic adhesives. 
dl oe, ee Oe A Gees Se ee ee G-}:2 
| | / 
-”0 212 E E E E G E 
-300; 350 E E Resistant to G Plywood, certain plastics, marine and. sports 
-300 | 350 E E E E boiling water G E equipment. 
60 225 E E E M-E | Wetting-G E E Metal-to-metal ucts, and metal to glass, 
—60 225 E E E M-E | Wetting-M E E ceramic, many palstics, cyclized rubbers and wood. 
—60 375 E E E G-E Wetting-E E E 
-60 375 E E E G-E | Wetting-E E E 
—60 375 E E E G-E | Wetting-E E E 
~60 375 E E E G-E | Wetting-E E E 
—30 120 G E E E G E Plywood and other wood products. 
-30 120 G E E E G E 
-30 120 G E E E G E 
-HN 212 E E E E G E 
—60 200 E E E F E Metal laminations and as sealers of plumbing 
) | fittings and in washing machines. 
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Adhesive Bonding 














Table 3—Typical Characteristics of 

































































—_ 
| 
Room Temperature Properties» | 
| Available Commercial Commonly Usual eR Sues fe 
Type Form Bonding Used Curing —| 
Methods Solvents Time Creep Shear Pee Imp 
Res Str Str Sip | 
. — 
Natural Rubbers Liquid Solvent release Hydrocarbons P P-F P-M M-F 
Liquid Pressure (low) Hydrocarbons P P-F P-M M.-F 
| Liquid Vulcanization (cold Hydrocarbons R.T.—24 hr F P-F P-M M-R | 
Liquid | Vulcanization (hot Hydrocarbons 260-350 F- F P-M P-M M-B 
| 10-30 min 
| Emulsion | Water evaporation | _ F P-F P M-E 
| Tape | Pressure (low) | Hydrocarbons | F P-F Pp M-E 
22S Gece: " =o “_ INN WRENNER % 2 some 
Reclaim Rubbers | Liquid | Solvent release | Hydrocarbons | P A RS M-E 
| Liquid | Pressure low) Hydrocarbons | P P-F P M-E 
Liquid | Vulcanization (cold) | Hydrocarbons | | F P-F P ME 
Liquid Vulcanization (hot) | Hydrocarbons Bs. P-F P M-E 
Emulsion | Water evaporation — ee P-F P M-E 
Tape Pressure (low) Hydrocarbons p P-F P M-E 
GR-S Liquid Solvent release Hydrocarbons P-F P-F | P M-E 
(Butadiene-styrene) | Liquid | Pressure (low) Hydrocarbons P-F | PF | P M-E 
Liquid Vulcanization (cold) or (hot) | Hydrocarbons P-F | P-F P M-E 
Emulsion | Water evaporation — P-F | P-F P M-E 
Neoprene Liquid Solvent release Toluol, acetates G | ME P-G M-E 
Liquid Vulcanization (cold) or (hot) | Acetates G | ME P-G M-E 
Emulsion | Water evaporation _ er. | M-E P-G M-E 
Wie 
Buna-N Liquid Solvent release Ethyl, acetate, acetone, | P-E | M-E P-G M-E 
(Acrylonitrile- | methyl ethyl ketone | | 
butadiene) Emulsion | Water evaporation | — P-E | M-E P-G M-E 
i leans ¥ wl | Baile 
Silicone Liquid | Heat (300-450 F) and | $-10min | MG | FM | PM | ME 
sure (low | 
Tape ete (300-450 F) and | 5-10 min M-G | F-M P-M M-E 
pressure (low) | | 
NOTES: 


P = poor, F = fair, M = moderate, G = good, and E = excellent. 
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Fig 1—Strength and elongation of phenolic- 
acrylonitrile rubber blends. (B. F. Goodrich 
Co.) 


® Properties somewhat with the materials to which the adhesive has been 
bond thickness atc. 


bonded, the 


hesives may be accomplished by solv- 
ent release, water evaporation or vul 
canization. 

The characteristics of each of these 
groups are varied considerably by 
compounding. For example, th 
Buna-N types can range from adhe- 
sives having high tackiness, high peel 
strength, but low shear strength to 
grades with poor tackiness but high 
peel and shear strengths. Compound- 
ing also may cause considerable vari- 
ation in properties such as flexibility, 
elasticity and creep strength. As an 
illustration, the effects of blending 
phenolic resins with acrylonitrile rub- 
ber upon the tensile properties and 
elongation of the resulting resin alloy 
are given in Fig. 1. 

Natural and reclaim rubber-base 
adhesives are used to bond tile, plas- 
terboard, wood, felt, fabric, sponge 
rubber, paper, masonite, etc. to each 
other and to metals and to fasten met- 
al attachments. They generally exhibit 
excellent tackiness and tack retention. 
Surfaces precoated with natural and 
reclaim rubber adhesives will bond 





» Depends also upon whether joint used is structural or non-structural. 


satisfactorily when pressed tog 

even weeks after application of t 
adhesive to both 
they are also known as ‘“‘self-seal 


surfaces. As Ss 


hesives. These adhesives ar 
widely used as pressure-sensiti\ 
hesives applied to one side of a fabs 
and usually marketed in the form | 
tapes. 

The synthetic elastomers 
widely used in adhesives are Buna-N 
(acrylonitrile-butadiene), Buna-5 0! 
GR-S (butadiene-styrene), neoprene, 
and polyisobutylene (butyl and VIS: 
torex). Properly compounded with 
thermoplastic or thermosetting resins 
these elastomeric materials are widely 
marketed as general purpose adhe- 
sives. 

The silicone adhesives show con- 
siderable promise as ‘‘high’’-tempera- 
ture adhesives, retaining their strength 
and adherence at temperatures exceed: 
ing 300 F. They are one of several 
types of adhesives which bond to 
polyethylene, polytetrafluoroethy!en¢ 
(Teflon) and the silicone rubbers. 
Formulations are available which are 


most 
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| | 
Service Temp, F | Resistance to: | Preference 
paresis. Tack A el Se aS nee 
a | Tack Retention Applications 
Oil Hydro- Struc- Non- 
M Max” Water and Carbon Solvent tural Struc- 
Grease tural | 
—— 
150 E E E P P P P E | Tile, glass, wood, and 
150 E E E P P P P E | metal attachments, bristle 
150 E E E P-F P P-F P E | setting. 
150-200 | E E 7 P-G P-F P-E P E 
| 
0 150 | E E E ' P P P ! P E | 
1-4 150 E E E ie tae P | # Peak | 
a } ) — ——__—_—_—| — — aol 
30 io | FE | E Se eee i ee a a ee 
—30 a: ) Bes ie 2 | ab P wee Fee P po: Oe sponge rubber, flooring, 
- | > 2a ae eae a Ce P-F P E etc. (Used as cheap ex- 
-o | F-E ae ee ee ee P-G P E tenders of natural rub- 
—30-) ie F-E oe ee P » P p E | bers). 
-%~ | 150 F-E E | E P P P P E 
| P-F ee P P P e E _| Fabrics, foils, pressure- 
| AR eee aie ee P p P Se sensitive tapes, plastics 
, ee Ge E P P P , Re film laminates. 
| PF | E E P P P P E 
—40 180 P F E E G PM | P E General ; 
—40 180 P F E E G PM | P E rubber, aaa, Toate 
—40 180 P F E E G PM | P E | tops. 
—_— j 
~60 200 P-G G E E E FM | P E |General purpose, shoe 
sole cement. 
—60 200 P-G G E E E | F-M | P E 
—60 400 | | E E Heat resistant and pres- 
| sure sensitive. 
—60 | 400 | | E E 

















F | 





ully the rmoplastic while others 
exhibit thermosetting properties even 
when uncompounded. 


Adhesive Alloys 


Many commercial adhesives consist 


several basic resin types com 
pounded or blended together. The 
major characteristics of the more com- 
mon types are summarized in Table 4. 

Phenolic-polyvinyl acetal adhesive 
blends are used in metal-to-metal and 
wood-to-metal bonding. They show 
good strength, impact and fatigue 
properties. These include blends of 
reactive phenolics and polyvinyl for- 
mal, polyvinyl acetal and polyvinyl 
butyral. 

Phenolic polyvinyl-butyral adhesive 
blends are used in the bonding of syn- 
thetic rubbers and plastics to metals, 

well as in metal-to-metal and 
wood-to-metal (sandwich) bonding 
uircraft construction. Because of 


1 durability and electrical prop- 
s, they are also widely used in 
rical applications as wire enam- 
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P) CNOLLL polyt inyl lrOVMAI adhesive 
blends are tougher than phenolic 
polyvinyl-butyral adhesives. They are 
extensively used in aircraft construc- 
tion and in honeycomb sandwich skin 
bonding 

used in metal-to-metal and glass-to 
metal bonding. 

Phenolic-neoprene adhesive blends 
are used in the bonding of metals, 
wood and many plastics, usually in 
large structural applications. The ad- 


Bonding Methods 


From a practical point of view ad- 
hesives also may be classified by the 
method of bonding employed. As a 
broad classification the various bond- 
ing methods may be divided into 
those which effect curing of the ad- 
hesive at room temperature and those 
which require heat. The adhesives 
which may be cured at room tempera- 
ture usually are referred to as cold- 
setting, whereas those requiring heat 


2 adhesive blends are 







hesive blend exhibits good fatigue 
and impact strengths. 
Phenolic-Buna-N adhesive blends 
are extensively employed in brake 
linings, structural aircraft, metal fab- 


rication, grinding wheels and similar 


applications They are characterized by 


good elevated temperature strength. 
Although for most formulations 300 
F is considered the maximum temper- 
ature in continuous service, short in- 
termittent exposures may be tolerated 
as high as 500 to 600 F. 


generally are labeled as Aot-setting. 
The separation between these two 
groups is not always apparent since 
the curing rate of most cold-setting 
types may be increased by slight heat- 
ing at temperatures up to 212 F. On 
the other hand, most hot-setting ad- 
hesives are not cured to a significant 
degree unless heated at temperatures 
above 212 F, so that 212 F usually 
is considered as a convenient separa- 





Table 4—Typical Characteristics of Commercig 





Available 


| 
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——, 


Room Temperature Properties 





















































P = poor, F = fair, M = moderate,G = good, and E = excellent. 


tion between the cold- and hot-setting 
types. [Provided, of course, that the 
“cold’’-setting adhesive can be cured 
at room temperature. A few adhesives 
which can be cured only at low heat 
(between 100 and 212 F) are some- 
times called intermediate-temperature 
settings. } 

Most adhesives can be formulated 
into several basic types requiring dif 
ferent bonding methods. A conve 
nient separation often made distin- 
guishes the following types: 


1. Solvent release 
2. Emulsion 

3. Vulcanization 
4. Catalyst 

5, 


Hot-setting (heat only) 
6. Heat and pressure 
. Reactivation 


The distinction among these classi- 
fications is not always readily appa- 
rent and there is some overlapping. 
Moreover, these types usually cannot 
be related to the basic resin in the ad- 
hesive. Whereas some basic adhesives 
are joined by only one of the above 
methods, in most others curing may 
be produced by several methods. For 
example, elastomeric adhesives are 
available in formulations which either 
require a separate catalyst for harden- 


120 


* Properties vary somewhat with the materials to which the adhesive hes bees 
bonded, the bond thick 


>» Depends also upon whether joint used is structural or non-structural. 


ing, or harden by solvent release or 
water evaporation, without or with 
pressure. 

A clear distinction is particularly 
dificult in commercial adhesives 
blends which possess varying combi 
nations of thermoplastic and thermo 
setting properties. Many formulations 
may be 1) air dried and then bonded 
with heat, or 2) baked to increase 
their general resistance and then hot 
bonded, or 3) allowed to complete 
their cure gradually during elevated 
temperature exposure which tends to 
improve heat (creep) resistance. 

In the proper selection of an ad- 
hesive, consideration of bonding char- 
acteristics, specific adhesion and bond 
strength, and method of bonding are 
important. For example, where the 
parts to be joined need to be posi- 
tioned after contact, adhesives have 
to be used which do not result in a 
hardened joint too soon upon contact. 
The catalyst, hot-setting, pressure and 
heat, and pressure types generally al- 
low sufficient time for positioning. On 
the other hand, many solvent release 
types will bond instantly upon con- 
tact of precoated and dried surfaces 
and cannot be moved. Available 
equipment, production requicements, 
material and production costs, end 


| Commercial Commonly Usual og : 
Type Form Bonding Used Curing | = 
Methods Solvents Time, Creep | Shear Pee! Imp 
Min. Res Str | Str Str 
aT 
Phenolic- Vinyl Liquid Heat (250-500 F) | Ketones, | 5-45 F-G sr | G 
and pressure (50- 500 psi alcohol-toluol 
Tape Heat andipressure 5-45 F-G E G G 
Liquid + Heat and pressure 5-45 F-G E G G 
| powder ) 
Phenolic-Polyviny! Butyra! | Liquid | Heat (250-400 F) | Ketones, | 5-45 | F-G G G M 
| and pressure (50-300 psi) | alcohol-toluol, / 
| Tape | Heat and pressure | acetate | 5-45 F-G G G M 
— =| a a | } ) _ eine 
Phenolic-Polyviny! Forma! | Liquid Heat (250-500 F) | Ketones, | $46 | FG | G G M 
/ | and pressure (50-500 psi) | alcohol-toluol | | 
| Tape | Heat and pressure | $45 | FG | G G M 
| Liquid + | Heat (250-500 F) 545 | FG G G M 
powder | and pressure (50-500 psi) | 
Phenolic-Nylon Liquid | Heat and pressure | Alcohol 5-45 | 
Phenolic-Neoprene Liquid | Heat (300-500 F) | Ketones 15-30 F-M | | 
and pressure (50-500 psi) | | 
Tape Heat 15-30 | F-M | 
Phenolic-Bunc-N Liquid + | Heat (300-500 F) Ketones 15-30 G | 
wder and pressure (50-200 psi) | | | 
ape mr (300-500 F) | 15-30 ae | 
ressure (50-200 psi) | 
Liquid ' or wet | with | | FG | B | .G 
oy react. { pressure | | | | 
NOTES: 


MESS, CLC. 


properties and service conditions are 
other factors that may govern the 
preference of one bonding methoc 
(or material) over another. 


Solvent Release Types 


As the name implies, curing 1s a 
complished by the escape of solvents 
(In asphalt-base adhesives the sol 
vent vehicle types are known als 
‘cutback”’ types.) Because of the re 
lease of vapors, the use of most types 
is limited to applications where at 
least one of the two surfaces being 
bonded is porous. However, many 
solvent release types can be used to 
bond non- porous surfaces. In such 
cases the solvent is dried prior to the 
closing of the coated surfaces. Bond- 
ing is subsequently accomplished un 
der pressure and/or heating. 

By precoating sheet materials and 
drying out the solvent, these types 
are also made widely available as tapes 
and/or supported films. Wiping with 
cloth containing a suitable solvent or 
heating will give the adhesive tape 
proper bonding characteristics (also 
called reactivation). 

In large scale production these ad 
hesives are usually supplied in drums 
or large containers. They should be 
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Joint Design 
Service Temp, Fo Resistance to: Preference 
— Bers “3 oe was: & Applications 
Oil Hydro- Struc- Non- 
M Max W ater and Carbon Solvents tural Struc- 
Grease tural 
“ E E E G E E Wood and metals to metals. 
E E E G E E 
aa 240 E E E G E E 
Pam ea: eta i me = Sedat: ae ‘acai ies here 
60 200 E E E G G E Plastics and robbers to saatale. 
— 60 200 E E E G G E 
oo 200 E E E G G E Wood and metais to metals, aircraft construction. 
—60 200 E E E G G E 
— 60 200 E E E G G E 
Ps a M | Glass and metal to metals. 
60 | 150 E E | E ' | G | E | Metals, wood and many plastics. 
| | | 
fen Po 6a E “Raa Be he | G +8 
-60 | 300 E E E n @ E | E Brake linings, oil filters, electrical assemblies, 
| | metal-to-metal joints. 
—60 300 E E | E G E E 
-o | 220 G G G F F E | General purpose, industrial and household, 
| metal-to-metal, glass, etc., bonding. 











used under properly ventilated con- 
litions. Excessive thickening of the 
idhesive during use may be avoided 
by addition of suitable solvents. 

For small scale production, these 
lhesives are available in dispensing 
ibes or small bot ig that need to o 
losed immediately after removal ¢ 
the quantity of vo required for 

bonding operation. 

[he solvent content may vary over 

ranges, even though the basic 

resin may be the same. Thus, many 

ermoplastic and thermosetting ad- 
hesive types may be formulated to 
contain from less than 10% to over 
50% of solvent. Elastomeric adhe- 
sives contain 50 to 95% solvents, usu- 
ally over 80% 


Emulsion Types 


_ These adhesives consist of stable 
dispersions of water-insoluble liquids 
or solids in water. They are known 
as water vehicle types. Emulsify- 
igents are added to decrease the 
surface tension. Catalysts, solvents 
ind modifiers such as fillers, plasticiz- 
ers and thickeners may influence con- 
ably the curing characteristics of 
mulsion. 
s was the case with the solvent 
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release types, most formulations are 
used primarily in applications where 
at least one of the two surfaces being 
bonded is porous (i.e. wet-bonding) . 
However, emulsion types of f adhesives 
also are Satisfactory ror 
surfaces if the adhesive, upon appli- 
cation to both surfaces, 
dry. Upon subsequent contact of the 
pre-dried surfaces heat and/or pres- 
sure are applied to complete the cure. 
Freezing usually damages the bond- 
ing properties of an emulsion. 

When it is desirable to dilute fur- 
ther the emulsion, water may be 
added to the emulsion (not vice ver- 
sa) accompanied by vigorous stirring. 
This should preferably be done im- 
mediately prior to the use of the emul- 
s10n. 

Some emulsion-types of adhesives 
may contain also a small amount of 
solvents (5%) to increase tackiness 
and improve water resistance. 

Some emulsion types require high 
pressures of the order of 50 to 500 
psi to break the water emulsion and 
develop the best bond strength of the 
respective formulations. In commer- 
cial practice hydraulic presses devel- 
oping pressures of 50 to 1200 psi are 
widely used. The desirable pressures 
vary with each particular formulation. 


non porous 


iS allowed to 


SHEAR STRENGTH — PSI 


BONDING PRESSURE - PS! 


Fig 2—Bonding pressure vs shear strength 


of two adhesives. (G. $. Learmonth) 


This is illustrated in Fig 2 where the 
maximum shear strength is developed 
in one adhesive with 80 psi pressure 
whereas another adhesive requires 
120 psi pressure to develop its besi 
strength properties. 


Vulcanization Types 


Curing is accomplished by a chem- 
ical reaction between the elastomeric 
adhesive and a so-called vulcanizing 
agent. Although sulfur is most com- 
monly used as the vulcanizing agent, 
aromatic amines, peroxides or other 
chemicals are also used commercially. 
Catalysts are present in many formu- 
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lations to speed up the vulcanization 
reaction. 

Vulcanization may be accomplished 
either cold or by heat. Where room 
temperature bonding is desired the 
adhesive and vulcanizing agent are 
supplied as separate components to 
be mixed together: at time OF USE 
Hot bonding formulations are mar 
keted generally as premixed one-com- 
ponent products. In these materials 
bonding usually takes place upon 
heating to temperatures between 250 
and 350 F. 


Catalyst Types 


Adhesive formulations requiring a 
catalyst for hardening at room or 
slightly elevated temperatures (1.e. be- 
low 212 F) are generally marketed 
as two separate components. The first, 
usually a liquid but sometimes a 
paste, contains the resin base to which 
solvents, fillers and/or other modifi- 
ers may have been added. The other 
liquid contains the catalyst (or hard- 
ener). In the case of pastes and high 
viscosity liquids, thinners may also 
have been added to the catalyst. These 
two liquids have to be mixed in the 
proportions recommended by the 
manufacturer immediately preceding 
actual use. Depending upon factors 
such as the resin formulation and the 
type of catalyst used, complete bond- 
ing may be accomplished in as little 
as a few minutes to as much as sev- 
eral days. Where solvents have been 
added to the resin formulation the 
rate of curing is usually reduced. 
Moreover, solvent bearing adhesives 
usually are limited to applications 
where at least one of the surfaces is 
porous. Heating at above room tem- 
perature will increase the rate of cur 
ing, though for many catalysts there 
is an upper temperature limit, usually 
between 150 and 250 F. 

With many adhesives, some pres- 
sure is often necessary to obtain inti- 
mate contact and develop maximum 
bond strength. Actually pressure 
alone does not cause the cure, since 
curing is a chemical temperature-de- 
pendent reaction whose rate is prac- 
tically independent of pressure. Some 
adhesives, such as urea-formaldehyde 
types, are available also as powders 
with the hardener incorporated. Upon 
mixing with water immediately prior 
to use the curing reaction is initi- 
ated. 

Whereas many adhesives require 
only a little more than contact pres- 
sure, such as the epoxies, others may 
need pressures as high as 300 to 500 
psi, e.g., the urea-formaldehyde types. 


122 


Hot-Setting (Heat Only) Types 


The hot-setting types, as the name 
implies, require heat for curing. These 
materials are usually marketed as one 
component products in that the cata- 
lyst (curing agent) has been mixed 
in with the resin. Depending upon 
the formulation, the curing reaction 
becomes significant only upon heating 
to temperatures above 200 to 300 F. 
Moreover, the rate of curing tends 
to increase with temperature. For ex- 
ample, minimum curing times of cer- 
tain epoxy-base adhesives are as fol- 
lows: 


Temperature, F Min Curing Time 


250 24 hr 
275 10 hr 
300 5 hr 
325 2 hr 
350 1 hr 
400 30 min 
450 15 min 
500 7 min 


Changes in composition or com 
pounding or addition of solvents or 
fillers may reduce or increase the re 
quired curing cycles. 

Many hot-setting types are com- 
monly marketed as liquid, paste, rod 
or powdered products. Most paste, 
rod or powdered forms soften upon 
heating and, upon reaching tempera- 
tures over 200 to 300 F, liquefy prior 
to the subsequent curing reaction. At 
the lower curing temperatures where 
curing rates tend to be fairly slow, the 
adhesive can be applied on preheated 
metal surfaces and remain free-flow 
ing for periods sufficient to allow 
positioning of large sections and es- 
cape of air bubbles adhering to the 
metal surface or entrapped in surface 
cavities. 

The hot-setting vulcanization types, 
already mentioned, more correctly 
should be included in this classifica 
tion. 

Some hot-setting adhesives are 
available also as_pressure-sensitive 
tapes. Typical examples are the silt- 
cone elastomeric adhesives applied to 
both sides of cellophane tapes. Upon 
inserting the tape between the sur- 
faces to be bonded and heating to 300 
to 400 F the resulting shrinkage of 
the cellophane tape supplies sufficient 
pressure to provide good adhesion of 
the fully cured adhesive. Elastomeric 
and thermosetting adhesives both are 
marketed applied to cellophane tapes. 


Heat and Pressure Types 


In these types of adhesives, heat 
and pressure both are necessary to 
develop the maximum bond strength 
in the adhesive. With most adhesives 


pressures between 25 and 5 
temperatures between 225 ani 4 
are required. The longer th 
time and the higher the ten 
and pressures, within the r 
ommended by the manufact 
greater usually is the bond 
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Typical data are given in Fi 
trating the effects of pressing 

the room and elevated temperaty, 
Shear strengths of aluminu 
strips bonded with a pheno 
vinyl formal adhesive blend 
and 100 psi. Whereas in this adh 
room temperature shear strengtl 
little affected by curing time, 
vated temperature strength v ' 
siderably improved by the long 
periods. Higher pressures and t mper 
atures, however, may modify thes 
relations. 
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Bond strength of some adhesives is 
improved by applying the adhesive 
cold to the surface and drying at 20 
to 250 F to drive out the solvent prio: 
to the final bonding, heating a 
pressing operation. 

Several blended heat and pressu: 
types (e.g., phenolic-Buna-N) 
marketed as a liquid and powd 
two-component product. Prior to us 
the liquid and powder products ai 
mixed and applied to the surfaces 
be bonded. After air drying, the su: 
faces are brought into contact and tl 
adhesive is cured under heat 
pressure. 


Reactivation Types 


Many of the elastomeric and | 
moplastic adhesive formulations 
taining solvents, after application t 
the surfaces to be bonded and drying 
may be reactivated by wiping witt 
soft cloth containing an appropriat 


solvent. Some adhesives may also b 
reactivated by slight heating, usuallj 


to temperatures between 150 and 25 
F. Heat reactivation 





PRESSING TIME AT 300 F — HOURS 
Fig 3—Pressing time vs shear strength 
phenolic-polyviny! formal adhesives ond 


with 100. psi pressure. (Ciba Co.) 
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Solvents and 
Modifying Agents 


In the selection of adhesives con- 
the formulation 
that ev aporation of 


solve nts 


sno DE SUC h 


solvent takes place at rates neither too 
slow nor too rapid f ‘or the intended 
appli ation (see Table 7). Too slow 
, rate may result in entrapment of 
volatiles which may seriously reduce 
the bond strength of the adhesive. On 
other hand, excessively rapid 
vaporation maj ‘‘seal’’ the surface of 
idhesive and prevent the passage 
f the volatiles from within. 
Consideration of air drying (slow 
ites) vs oven drying (rapid rates) 
may have a serious bearing upon the 
uality of the joint. 
The drying rates of various solv- 
ents are illustrated in Table 5. Since 
the drying time varies with the rela- 
tive affinity of the respective adhesive, 
the rates are given as ratios compar- 
g them to the drying rate of ethyl 
€ toluol will require approxi- 
five times the drying period as 
tnyvi ether. 
Solvents are also used to adjust the 
viscosity of adhesives to be suitable 
spraying, immersion, brushing or 
application methods. The effects 
t solvent content upon the viscosity 
of polyvinyl! acetate adhesives are il- 
lustrated in Fig 4 
Besides resin, catalyst and solvent, 
various modifying agents are often 
added to the formulation to modify 
the properties of the adhesive or 
its bonding characteristics. Common 
modifiers are marketed or known as 
fillers, plasticizers, extenders, stabiliz- 
ers, softeners, and wetting agents. 
Fillers are considered as essentially 
non-adhesive materials added to the 
basic resin to produce desirable 
changes in the working and bonding 
characteristics, electric properties, 
strength, toughness, heat resistance, 
and other properties. Organic fillers 
such as wood flour, wheat flour or 
walnut-shell flour, and graphite and 
rganic fillers such as asbestos, sili- 
metallic powders and glass fibers 
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SOLVENT =~ PERCENT 
Fig 4—Relation of solvent content on vis- 
cosity of polyviny! acetate adhesives. 


are widely used. The primary purpose 
of most metallic powders is to pro- 
vide a good color-match with the 
materials to be bonded. 

Plasticizers are usually organic liq 
uids with a low vz apor pressure. They 
are added to adhesive formulations 
primarily to impart softness, ductility 
and flexibility. Esters are widely used 
as plasticizers. Typical plasticizers are 
dimethyl and dibutyl phtalate and tri- 
cresyl! phosphate. Certain organic sol- 
ids also may have a plasticizing effect. 
In many addition of 
plasticizers reduces the adherence of 
the adhesive formulation to non- 
absorbent surfaces. 

Extenders are those low-cost sub- 
stances which, when added to an ad- 
hesive, reduce the amount of primary 
binder required and, in this manner, 
lower the cost of the adhesive formu- 
lation. Typical extenders are starch, 
dextrin, clay, gelatin, etc. 

Stabilizers are added to some com- 
mercial elastomeric adhesives (for ex- 
ample Buna-N) to improve their 
resistance to heat, light and/or chem- 
ical decomposition. Most commonly 
used are benzoic and lactic acid. 


instances the 


Selecting the 


The selection of an adhesive type 
and formulation should take into con- 
sideration the following questions: 


1. Does the adhesive adhere to the 
base materials which are to be 


bonded ? 


(Expressed as Ratio) 


Table 5—Approximate Rates of 
Drying of Commercial Solvents 
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| Distilla- | Drying 
Solvent tion «=C|_—iéstime 
range, F | ratio 

Ethyl ether | — 1 
Acetone — 1 
Methyl ethy! ketone — 2 
Methyl isobutyl ketone — ‘ 
Tulvol — 5. 
Xylol — 9. 
Ethyl acetate _— y 
Buty! acetate = 9. 
Ethyl alcohol / o— 7 
Butyl alcohol — 4 
Ethylene dichloride | 
Naphthe 150-160 | 
Naphtha 145-205 | 
Naphtho 120-278 | 
Nophthe 203-262 | 
Naphtha 242-290 | 
Naphtha 217-302 | | 
Naphtha 306-408 | 5 








Proprietary antioxidants (resins) are 
also sometimes used to increase heat 


resistance. 

Softeners sometimes are incorpo- 
rated to increase flexibility and/or 
provide tackiness. Oils are typical 
softeners. Plasticizers and high-boil- 
ing solvents also are occasionally 
used as softeners. 

Wetting agents may be added to 
those adhesive formulations (or cata- 
lysts) where good wetting to the sur- 
faces to be bonded is important, as 
in spray applications. Typical wetting 
agents, such as those added to poly- 
vinyl acetate emulsion adhesives, are 
sulfonated alcohols and anionic or 
cationic agents. 

Modifiers are also used as snhibi- 
tors to slow down the curing reaction, 
thickeners to increase the viscosity of 
the adhesive, antioxidants to provide 
increased resistance to heat and aging, 
color pigments to impart special col- 
ors and snorganic pigments to increase 
strength. 

Some of these modifiers are suitable 
only for certain adhesive types where- 
as others may be added to many or all 


types. 


Right Adhesive 


2. Does the adhesive meet the ser- 
vice requirements of temperature, 
stress and loading, and chemical en- 
bag om 

. Does the adhesive satisfy the 
de rg and joint requirements? 

4. Can the adhesive be applied by 
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Table 6—General Commercial} Practice Followed in Adhesive 



































Leather Paper Wood Felt Fabrics Teflon Plastics 
Metols 1, 4, 21, 24, 25 l, 21, 22 1, 4, 11, 13, 21, lL, & ae 1, 21, 22, 24 15°, 2 Barong 
31, 32, 33, 35, 36 
Glass, Ceramics, etc. 1, 4, 13, 24 l, 21, 22 1, 13, 21, Se ae ee 1, 21, 22, 24 13*, 2 
33, 35, 36 
Tile, etc 4, 21, 24 22 l, 5, 6, 21, 22 5, 6, 21, 22 6, 21, 22, 24 
Masonite 24 1, 21, 22 l, 5, 6, oh 22 5, 6, 21, 22 5, 6, 21, 22, 24 
§ Rubber 21, 24 21, 22 21, 22, +33, 35, 36 | 21, 22 21 22, 23 
| Phenolic Plastics 21 24, 25 21, 2 11,13, 21,24,32, 33, 36| 21, 22, 25, +6 21 22, 24, 25 13° 
| Viny! Plastics 2 21 21 2 | “Bais : 
| Teflon Plastics 3 13° | 8 138 | 2, 13° 2*, 13° ha 
Fabrics ries 21, ‘2, 23, 24 21, 22, a 21, 22, 23 ; 5, 21, 22, 23 i 1, 21, 22, 23 : 
ra | 21, 22, 23,2 24 21, 2 22,23 Wig we 21, 22, 23 23 meee 5.2 . 
| Weed 2, 22,5326 (2,222 —s- | 1,12, 12,146,18,56 
Peper = —itiés‘22z«s 22, 23,24 =| 2,4, 2 
Leather RE os 1, 4, 21, 22, 23. 24 








t Other adhesives also may be satisfactory. 


* Special formulations. 


Table 7—Typical Commercial Conditions Infivencing 































TO MEET THESE REQUIREMENTS ........6§...6-. , oo eo o oo UR TR 
|. Sirenath | | 
Surface Characteristics Production Requirements | Requirements Formulation Form 
90-100% solids (fast drying | Liquid, film 
2 non-porous surfaces Immediately upon application Low or curing) 





























































of adhesive —————————————r- , om 
100% solids Liquid, paste powder, rods, 
film 
SE Cae ; Re so 
2 non-porous surfaces Deferred (predrying possible ; Low 20-100% solids Liquid 
90-100% solids (fast drying) | Liquid 
2 non-porous surfaces Immediately upon application High , SS -|—<—$_—___—_——— 
of adhesive 100% solids Liquid, paste, powder or rods 
2 non-porous surfaces Deferred (predrying possible) High 25- 100% solids Liquid 
Non- -porous and/or porous | Storage or handling without | Low "Rapid dryin Liquid 
surfaces bonding or sticking together | 30-80% solids 
Low 30-70% solids, very slow dry- Liquid 
Non-porous and/or porous | Large areas (predrying poss- ing and/or very slow curing Liquid 
surfaces | ible) | 
| | Low or high 70-100% solids Liquid 
Non-porous and/or rous | Self curing upon application High 30-70% solids Liquid 
surfaces (fillet-type joints) | of adhesive F | 
1 or 2 porous surfaces | Adhesive may penetrate into or | Low or high 70-100% solids Liquid | 
| bleed through porous surface 
Adhesive must not pees 80-90% solids (high viscos- Liquid or paste 
1 or 2 porous surfaces into or bleed through porous Low ity, fast drying) 
| 100% solids Liquid or paste 
1 porous surface | Application to metal surface Low ial reclaim-rubber emul- Liquid 
| with oil or grease film sion capable to absorb oil or 
| oe E 
2 porous surfaces | Immediately upon application | Low or high | 80-100% solids (fast drying Liquid 
| of adhesive (very rapid cure) or curing) 





/ 









. a ive types in powder or rod form may be sprinkled or rubbed 
seme ewe 


to temperatures between 200 and 
tnd Gnd ate Heuiad of abeead eo the euctosie te'th Joleed. 
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500 F. Upon application 


MATERIALS & METHODS 












































‘on for the Bonding of Similar and Dissimilar Materials 






















































































sive Select! 
ee  —— 
Viny! Plastics Phenolic Plastics Rubber Tile, etc. Masonite Glass, Ceramics, etc. Metals 
ics vit 
— ete 3, 13, 21, 31, 32, 13, 21, 22, 31, 32, } 5, 6, 13, 22, 35, 5, 6, 13, 22 13, 32, 33, 34, 35 | 11, 13, 31, 32, 33 
33, 35. 36 33, 35, 36 36 6 
+] 4 . 16 ! 
' 
21, 22, 36 21, 22, 31, 35, 36 
13, 32, 33, ¥ 
lasti Thermosetling Elastomertc Restn Blends 
invi acetales 11. Phenolics 21. Natural rubbers 31. Phenolic-vinyl 
dyvinyl alcohols 12. Resorcinol, phenol-resorcinol 22. Reclaim rubbers 32. Phenolic-polyvinyl butyral 
3. Acrylics 13. Epoxies 23. GR-S 33. Phenolic-polyvin yl formal 
4. Cellulose nitrates 14. Urea formaldehyde 24. Neoprene 34. Phenolic-nylon 
. Asphalts 15. Melamine formaldehyde, melamine urea 25. Buna-N 35. Phenolic-neoprene 
6. Oleoresins 16. Alkyds 26. Silicones 36. Phenolic-Buna-N 
—s 
cing Selection of Adhesive Formulation and Basis of Bonding Adhesives 
1ESE ADHESIVES 
Bonding Type Typical Application Method* Examples 
= 4 Catalyst, pressure (high), heat, heat and | Brushing, roller coating, immersion Shipping boxes 
pressure 
a Catalyst, pressure, heat, heat and pressure Brushing, immersion, spatula Shipping boxes, knife handles 
Heat, heat and pressure, Catalyst, pressure Spraying, brushing, roller coating, flowing Large flat surface, plastic to metal and wood 
low or high } laminates, oil filters 
x Pressure high), heat, heat and pressure Brushing, roller coating Brake linings 
ds Catalyst, heat, bent and a peesoure Brushing, sparula Brake linings, metal attachments 
Heat, heat and pressure Spraying, brushing, immersion Motor laminations, honeycombe, printed 
circuits 
; Reactivation types by heat c or solvent | wiping | Spraying, roller coating, brushing Precut weatherstrit | guskets, vinyl coverings, 
| phenolic plastic ( ormica) tabletops 
ai ~ a | 
| Solvent release, catalyst, emulsion Spraying, brushing, roller coating | Metal sheets or plates to doors and walls, 
insulation to metal plates, etc. 
sab | 
= Heat and heat pressure Spraying, brushing, roller coating Dissimilar metal sheets 
| Catalyst, heat | Spraying, immersion, gravity feed coating, | Copper and aluminum fin tubing, radiators, 
flowing etc. 
| Solvent release, catalyst, emulsion, heat, | Spraying, brushing, roller coating Cork linings to metals, tile, etc. 
| heat and pressure 
) 
| pene: (low) Brushing, roller coating, spatula Fabrics to porous or non-porous surfaces 
| 
| Heat Brushing, spatula Fabrics to porous or non-porous surfaces 
| Pressure (low) Spraying, brushing, roller coating Felt pads to office and industrial equipment 
i : 
| _ Catalysts, pressure (low or high) Brushing, spraying, roller coating, troweling | Most woods, wood to masonite, high pressure 
wood laminates 
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JOINTS 








a practical bonding method? Has the 
bonding method an adverse effect 
upon one or both of the materials to 
be bonded ? 


> a the adhesive the nost eno 
nomical; i.e., has it a « advantage ? 
( Does the adhes ve need to pro 
vide colors or a color matcl xhibit 


dielectric strength. et 


Base Materials 


The various types of adhesives or- 
dinarily used to bond different mate- 
rials are summarized in Table 6. 

There are many applications where 
an adhesive type or certain special 
formulation cannot be bonded satis- 
factorily to the material listed in 
Table 6. On the other hand, satisfac- 
tory joints may be obtained with many 
combinations which differ from the 
general practice listed in Table 6. 
Obviously service conditions and joint 
designs have a major bearing upon 
material selection. 

The effects of solvents and modi- 
fiers in the adhesive (or catalyst) for- 
mulations also need be considered. 
Some base materials may be softened 
by certain solvents in an adhesive for- 
mulation. When two different mate- 
rials are to be bonded of which only 
one may be adversely affected by the 
solvents present in the adhesive, it 
may be possible to apply the adhesive 
to the surface not affected by the solv- 
ent, dry out the solvent, close the 
two surfaces and reactivate the adhe- 
sive by heating. 

Possible chemical attack upon the 
base material may eliminate an adhe- 
sive formulation from consideration, 
particularly where the reactive prod- 
ucts reduce adherence, bond strength, 
chemical resistance or the properties 
needed. 
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Service Requirements 


In the selection of one or several 
suitable adhesive 


requirements also need careful con 


sideration. Service properties of the 


more common adhesive types are 
oiven 1n Tables 1 to 4 

The effects of temperature are 
closely related to joint design and 


loading. As a in load- 
carrying applications the thermoplas- 
tic adhesives should not be used 
temperatures exceeding 100 to 150 F, 
although properly compounded ther- 
moplastic rubber-resin adhesive alloys 
mg be satisfactory up to 200 to 250 
. Where the joint is non-structural 
or is reinforced by rivets or caps, 
somewhat higher temperatures may be 
tolerated. Similar considerations hold 
true for the elastomeric adhesives. 
The thermosetting adhesives may 
be exposed to considerably higher 
temperatures. hag maximum ‘ye 
atures listed in Tables 3 and 4 are 
based on ye type tiie ex- 
posed continuously to those temper- 
atures. Higher temperatures are per- 
missible for joint designs which min- 
imize the stresses across the adhesive 
bond. Occasional peak temperatures as 
high as 500 to 600 F can be tolerated 
by most of these adhesives. For exam- 
ple, in brake linings bonds made with 
the phenolic-Buna-N adhesive will 
stand up satisfactorily to the maxi- 
mum 600 F frictional heating occa- 
sionally experienced. Solvents, cata- 
lysts, fillers, plasticizers and other 
modifiers may reduce or increase sig- 
nificantly the elevated temperature 
properties of an adhesive. 
Considerable differences exist in 
the mechanical properties of various 
types of adhesives and their many 
commercial modifications. Typical 
strength properties of the major ad- 


general rule, 
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types, the service 


hesive types are given in T 
4. The mechanical properti 
of an adhesive are 
joint design. Where unfav. 


closely 


vice loads of the peelba k 
age type might result in f 
desion of the joint to 
stress conditions to tensil 

types may allow the loads 
isfactorily carried by the sai 
sive. Hot setting formulatio 
deve lop better stre ngth prope 
rigidity than cold-setting forn 
of adhesives containing the 
sic resins. On the other han 
cold-setting formulations tend to | 
duce bonds that are tougher and m 
flexible than their corresponding h 
setting formulations. 

Resistance to environmental attack 
by water, solvents, acid solutions, and 
atmospheric conditions also must be 
considered. A number of adhesives 
may deteriorate in sun or ultraviolet 
light. Others may be attacked by ba 
teria, mold, or rodents, or be affected 
adversely by moisture or atmospher 
conditions. 


Design and Joint Requirements 


Design and joint requirements, as 
mentioned already, also should be 
considered in the selection of the 
proper adhesive materials. Where 
structural type joints have to be used 
in which the adhesive bond is sub- 
jected to loads of considerable mag. 
nitude the thermosetting adhesives 
listed in Tables 2 and 4 are generally 
preferred. On the other hand, for 
non-structural types of joints the ther- 
moplastic and elastomeric adhesives 
listed in Tables 1 and 3, respectively, 
may be most practic al. 

Illustrations of structural- type joint 
—_ commonly used are shown in 
Fig 5. 

As a general rule, it is good design 
practice to keep to a minimum the 
stresses across the adhesive. Joints 
should be designed to keep the adhe- 
sive in shear and avoid cleavage and 
peel stresses. Where the design is such 
that cleavage or peel stresses cannot 
be avoided, the bond should be 
strengthened by rivets, caps, overlaps, 
or rigid stiffeners. In fact, by means 
of these techniques, the non- -structural 
adhesive types may be adopted for 
many bonding applications otherwise 
restricted to the structural adhesive 
types. 

Joint properties are also a function 
of the thickness of the adhesive film. 
Ordinarily, shear and creep strength 
are highest for thin films of the ordef 


Fig 5—Typical joint designs. 
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rements 


adhesive 


release 


italyst type, hot-setting type, 


-) should be selected 


which 1S 


practical and economical for the 


r bonding ope ration ‘| ypical 


nditions are summarized in Table 7 
The bonding method of the par- 
ticular formulation also must be given 
-areful consideration. Base materials 
which are softened by heat might not 
bonded satisfactorily by adhesive 
mulations requiring heat and pres- 


Cost 


r tl 


‘ 
the rour previously discussed 


factors have been taken into consid- 
eration, and certain types of adhesives 
seem satisfactory for the particular 
pplication, the cost involved in bond 


Table 8—Price Ranges of 
Commercial Types of Adhesives 
Based on 100% Solids Content 
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A thorough study includes a) 


idhesivs materials f) luc 
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handling requirements 
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Adhesive Bonding 


It must be realized that the cost of 
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Product 
Type Manufacturer Location Trade Name 
THERMOPLASTIC | 
lyviny! Arabol Mfg. Co. New York, N. Y. —_ 
Fe an Cordo Chemical Corp. Norwalk, Conn. Cordo-bond 
| Federal Adhesives Corp. | Brooklyn, N. Y. Fedco 
H. B. Fuller Co. St. Paul, Minn. _ 
| B. F. Goodrich Co. Akron, Ohio Plastilock 
| National Adhesives New York, N. Y. National 
Paisley Products, Inc. New York and Chicago _ 
Polymer Industries, Inc. | Springdale, Conn. Polybond 
Rubber & Asbestos Corp. | Bloomfield, N. J. Bon 
Swift & Co. Chicago, Il. _ 
Polyv icohols Arabol Mfg. Co. New York, N. Y. —_ 
ay ¢ Federal Adhesives Corp. | Brooklyn, N. Y. Fedco 
H. B. Fuller Co. St. Paul, Minn. _ 
National Adhesives New York, N. Y. —_ 
Paisley Products, Inc. New York and Chicago — 
Polymer Industries, Inc. | Springdale, Conn. Polybond 
Swift & Co. Chicago, Ill. — 
Acrylics Federal Adhesives Corp. | Brooklyn, N. Y. Fedco 
| Rubber & Asbestos Corp. | Bloomfield, N. J. Bondmaster 
Cellulose nitrate | Miracle Adhesives Corp. | New York, N. Y. Miracle 
: | National Adhesives | New York, N. Y. National 
Asphoits Armstrong Cork Co. Lancaster, Pa. Armstrong 
Flintkote Co, New York, N. Y. Flintkote 
Ohio Adhesive Corp. New Philadel Ohio Ohio Adhesives 
Rubber & Asbestos Corp. | Bloomfield, N. J. Bondmaster 
leoresins Armstrong Cork Co. neaster, Pa. Armstrong 
° Flintkote Co. New York, N. Y¥ Atlas 
Rubber & Asbestos Corp. | Bloomfield, N. J Bondmaster 
THERMOSETTING 
Phenolic Borden Co. New York, N. Y. Resinox 
Rubber & Asbestos Corp. | Bloomfield, N. J Bondmaster 
Epoxy Armstrong Products Co. | Warsaw, Ind. Armstrong Adh. 
Bakelite Co. New York, N. Y. —_ 
Borden Co, | New York, N. Y. Casophen 
| Chrysler Corp Trenton, Mich. Cycleweld 
| Ciba Co New York, N. Y. Araldite 
B. F. Goodrich Co. Akron, Ohio Plastilock 
| Houghton Laboratories, 
Inc. Olean, N. Y. Hysol 
| Miracle Adhesives Corp. | New York, N. Y. Adweld 
| Ohio Adhesive Corp. New Philadelphia, Ohio — 
| Polymer Industries Springdale, Conn Chemotec 
Shell Chemical Co. New York, N. Y Epon 
Rubber & Asbestos Corp. | Bloomfield, N. J Bondmaster 
Urea-formaidehyde | American Cyanamid Co. | New York, N. Y Urac 
Borden Co. New York, N. Y¥ Casco Resin & 
others 
Alkyds General Electric Co. Pittsfield, Mass — 
Melamine-formaldehyde| American Cyanamid Co. | New York, N. Y Meimac 
Melamine-vrea- American Cyanamid Co. | New York, N. Y¥ Melurac 
formaldehyde 
Resorcinol and Phenol- | Borden Co. New York, N. Y. Cascophen 
resorcinol 
cosh bers Armstrong Cork Co Lancaster, Pa 
ng » Fa. ng 
1 Rub Federal Latex Corp. N.Y Fedco 
Co. New York, N. Y. Flintkote 
B. F. Goodrich Co. Akron, Ohio Goodrich 
P Industries, I Ne Bi reg 
nc. ee 
Ru & Asbestos N. J. Bondmaster 
Recla bers Cork Co. Lancaster, Pa. Armstrong 
in Oats Chrysler Corp. Trenton, Mich. — 
Flintkote Co. New York, N. Y. Flintkote 
B. F. Goodrich Co. Akron, Ohio Plastilock 
Corp. | New York, N. Y. _ 
National Adhesives Pa York, N. Y. National 
Rubber & Asbestos Corp. J. Bondmaster 
Chrysler Corp. Trenton, Mich —_ 
GRS Federal Latex Corp. Brooklyn, N. Y Fedco 
Co. New York, N. ¥ Flintkote 
B. F. Goodrich Co. Akron, Goodrich 
Miracle Adhesives Corp. | New York, N. Y a 
National Adhesives New York, N. Y. National 
Ohio Adhesive ag ew — 
Industries, Inc. Conn. Polybond 
Robber RA shestos Corp. N, J. Bondmaster 




















(Table continued on page 128) 
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Table 9—Sources of Commercial Adhesives (continued) 
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| Product 
Type Manufacturer / Location Trade Name 
ELASTOMERIC (cont.) 
Neoprene Borden Co New York, N. Y. | Casco Flexible 
Cement 
Chrysler Corp. Trenton, Mich. - 
Federal Latex Corp. Brooklyn, N. Y. Fedco 
Flintkote Co. New York, N. Y. Flintkote 
B. F. Goodrich Co. Akron, Ohio Goodrich 
Miracle Adhesives Corp. New York, N. Y 
Ohio Adhesive Corp New Philadelphia, Ohio - 
Polymer Industries, Inc Springdale, Conn Polybond | 
Rubber & Asbestos Corp Bloomfield, N. J Bondmaster 
Buna-N Chrysler Corp Trenton, Mich. --- 
Flintkote Co. New York, N. Y. Flintkote 
| B. F. Goodrich Co. | Akron, Ohio Goodrich 
| Miracle Adhesives Corp. | New York, N. Y. —_ 
| Ohio Adhesive Corp. | New Philadelphia, Ohio | — 
Rubber & Asbestos Corp. | Bloomfield, N. J. Bondmaster 
National Adhesives New York, N. Y. National 
: | Dow Corning Corp. | Midland, Mich. — 
Silicones Flexrock Co. | Philadelphia, Pa. | Flexrock 
ADHESIVE ALLOYS | ees ate ! . ws 
Phenolic-viny! rysler Corp. | Trenton, Mich. Cycleweld 
B. F. Goodrich Co. | Akron, Ohio | Plastilock 
National Adhesives | New York, N. Y. National 
Phenolic-polyviny! Bloomingdale Rubber Co. | Chester, Pa. | — 
butyral Chrysler Corp. | Trenton, Mich. Cycleweld 
Rubber & Asbestos Corp. | Bloomfield, N. J. | Bondmaster 
: ; 

Phenolic- Ciba Co. | New York, N. Y. | Redux 
formal Rubber & Asbestos Corp. | Bloomfield, N. J. Bondmaster 
Phenolic-nyton Chrysler Corp. | Trenton, Mich. / Cycleweld C-6 

Phenolic-neo: Chrysler Corp. | Trenton, Mich. | Cycleweld 
prene B. FE. rich Co. | Akron, Ohio | Goodrich 
National Adhesives | New York, N. Y. | National 
: Polymer Industries, Inc. Springdale, Conn. |. Polybond 
| Rubber & Asbestos Corp. | Bloomfield, N. J. | Bondmaster 
Phenolic-neoprene- ) Narmco Resins & Coating | Costa Mesa, Cal. Metlbond 
Co. 
nylon | | 
Phenolic-Buna-N Armstrong Cork Co. | Lancaster, Pa. Armstrong 
N-199 
Bloomingdale Rubber Co. | Chester, Pa. | —_ 
| Bond Adhesives Co. Brooklyn, N. Y. | Tweezle 
Chrysler Corp. | Trenton, Mich. Cycleweld H-2 
B. F. Goodrich Co. Akron, Ohio Plastilock 
ii year Tire & Rubber | Akron, Ohio Pliobond 


o. 

—- Mining & Mfg. 
o. 

National Adhesives 


Rubber & Asbestos Corp. | 








EC 1245 


New York, N. Y. 
Bloomfield, N. J. 


National 


Saint Paul, Minn. | 
| 
Bondmaster 













1. Where an adhesive formulation 
ontains a large percentage of solv 
ents or fillers, three or more 
times the total quantity may be re 
quired than where an adhesive is used 
which contains little or no solvents 
or fillers. This holds true among the 
major types of adhesives and within 
each particular type of which various 
formulations are available. In some 
instances dilution or concentration is 
used as a means of controlling film 
thickness. 

2. Some adhesives develop their 
best properties when applied in thick- 
er layers than others. Wetability and 
capillary flow properties may have a 
bearing upon the amount of adhesive 
required. The effects of solvent and 
filler content have been mentioned. 

3. The equipment requirements 
represent another important consider- 
ation. In large production runs where 
heavy presses, ovens, autoclaves, etc. 
are feasible, the use of hot-setting ad- 
hesives may be most practical, since 
they generally require less time for 
curing and often develop better phys- 


CWwo, 


ical properties than the cold-setting 
types. On the other hand, in many 
applications, _ the cold-setting types 
may be completely satisfactory becaus« 
they may require less equipment 
Since slight heating (up to 212 F) 
reduces the curing rates of most cold 
setting the 
tables heated by hot water or steam 
piping, heating lamps or other ar- 
-angements may add further advan- 
tage to the use of the cold-setting 
adhesive types. 

4. Labor cost is not proportional to 
the curing time required. The shorter- 
curing hot-setting adhesives may ne- 
cessitate more labor time than cor- 
responding cold-setting formulations. 
Thus, a cold-setting type may require 
labor for application and clamping 
after which the bonded and clamped 
assembly is set aside for curing with- 
out involving additional manpower. 
A corresponding hot-setting adhesive 
may require more labor time because 
of the necessity of properly control- 
ling the furnaces. Solvent-bearing 
hot-setting adhesives which require 


adhesives, use of steel 


Reprints of this (and other) Manuals are available at 25¢ each until supply is exhausted. See 














cold application and dryi 
losing the surfaces and 


may further increase labo : 
up time, inspection, et 

i 
tors to be considered. In 
lastomer! adhesives 


Pp Opt 
strength at the uring tem} 
the whole assembly 


The method of bondin 


hav a be arinyg upon COSI 
a¢ 6 relates to labor and 
costs. Thus. spraying may 


costly than brushing or roller: 
particularly in the production 
sections. Moreover, sprayed 
y app! 
allow satisfactory bonding ith 
thinne: 


films, when uniformly 


layer of adhesive 
brushed adhesive films. On th 
formulations 
spraying usually contain a higher s 
app! 
brushing or roller coating. Th 
of the 


tho ls 


hand. adhesive 


ent content than those 
lditional solvent reauire 
additional solvent requ 
oh small. may enter into 
The 


film 


tions higher-solvent 


} 


sprayed also may take more 


to dry than the lower-solvent conter 
brushed film, unless a solvent is us 
that evaporates more rapidly 

6. Space and handling requir 
already mentioned, may 


crease costs and. as a result, influence 


ments, 


material selection. 


Miscellaneous Requirements 


Othe 
rial selection may be color requi 
ments. Some adhesives are natural 
opaque and cannot be produc 


factors entering into 


many colors, particularly when t 
parency is an additional requiremet 
Dielectric strength also may be a cot 
sideration. Other applications may r¢ 
quire an adhesive exhibiting electrica 
conductivity. In many adhesives satis: 
factory conductivity (small) may be 
obtained with carbon or metal fillers 
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Specifications for Laminated Plastics 





srade Description 


Military 
Spec. 
Type 


33 P-46 Federal Spec 
(AER) L-L-3 1] 
ASTM Bureau (Formerly 
of HHP-256) 
Aero- 
nautics 


AAF 
Spec. 
12032 


Navy Army 
17-P-5 71-484 (D-709) 
Type Type Type 


Type Grade 





—_—— —— — 


SHEET 





Paper Filler—Hard Phenolic Resin 


U } 


MIL-P-6885 
Formerl\ 


AN-P-68 


Paper Filler—Plasticized Phenolic 


Resin 
Paper Filler—Hard Phenolic Resin 


Paper Filler—Plasticized Phenolic 
Resin—For Hot Punching 


17 


Paper Filler—Hord Phenolic Resin ; -P-3115 
Paper Filler—Plasticized Phenolic _-P-3115 
Resin——For Hot Punching 
Medium Weight Cotton Fabric Filler _-P-15035 
—Hard Phenolic Resin 
_-P-15§035 


Medium Weight Cotton Fabric Filler 
—Hard Phenolic Resin With 
Graphite Inclusion 


Fine Weave Cotton Fabric Filler— 
Hard Phenolic Resin 


Fine Weave Cotton Fabric Filler— 
Hard Phenolic Resin With Greph- 
te Inclusion 


Asbestos Paper Filler—Hard Phenolic 
Resin 


Asbestos 
Resin 


Paper Filler—Melamine 


Asbestos Fabric Filler—Hard Phenolic 
Resin 


MIL-P-8059 
USAF 


Staple Fibre Glass 
Melamine Resin 


Cloth Filler— 


Continuous Filament Glass Cloth Filler MIL-P-15037 


—Melamine Resin 


Continuous Filament Glass Cloth Filler 
—Silicone Resin 


MIL-P-997 


MIL-P-1772 
SHIPS 


‘ass Mat Filler—Melamine Resin 


Nylon Fabric Filler—Phenolic Resin 


Chopped Medium Weight Cotton MIL-P-14 


rabric—Hard Phenolic Resin 


MIL-P-15047 


I Cross 
Laminated 


Il Parallel 


Laminated 


GMG 
GSG 
GMM 


NPG 


CFI-20 


PBM 


PBM-! 


PBP 


PBG 


PBH 


AMG 


FBH 


GBM 


GBH 


GMG 


GSG 
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welded stainiess 


wr 
_ 


you use! 





Perhaps your biggest headache is corrosion. Maybe it’s oxidation, or 
contamination, workability, or some combination of these. Whatever it 
is, the solution lies in getting the right welded stainless tubing for your 
particular operation. 





With B&W welded stainless tubing you can be sure you are getting not 
only the right grade of stainless steel but also tubing with the properties 
you desire for easy fabrication and long service life. 


Put your stainless tubing problems up to Mr. Tubes, your link to B&W, 
who represents the B&W Headquarters Technical Staff, Regional Sales 
Offices, and a cross-country network of experienced tubing distributors. 
You can have confidence in his suggestions, based on broad and intimate 
experience with stainless applications, to help you make the right choice 
for your requirements. 





THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Beever Falls, Pa.— Seamless Tubing; Welded Stainless Steel Tubing 
Alliance, Ohio—Welded Carbon Steel Tubing TA-4033 (SWP) 


For more information, turn to Reader Service Card, Circle No. 336 
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Specifications for Laminated Plastics (cont’d.) 
i JAN- 33 P-46 
—T ‘oti NEMA Military Military P-79 Navy ASTM (AER) Federal AAF 
——— ee Grade Spec. Spec. Type 17-P-5 | D-709 Bureau of Spec. Spec. 
Type LTS Type Type Aeronautics | L-L-31 12032 
ROLLED TUBING—FORM Tr 
Paper Filler-—Hard Phenolic Resin X MIL-P-79 PBM M-1 PBM I Xx 
XX MIL-P-79 PBG E-2 PBG XX 
E-4 PBE 
Medium Weight Cotton Fabric Filler—Hard C MIL-P-79 FBM M-4 FBM I] C 
Phenolic Resin EM-] FBG 
Fine Weave Cotton Fabric Filler—Hard M-3 FBI 
Phenolic Resin LE MIL-P-79 FBE EM-2 | FBE 1 LE 
Asbestos Paper Filler—Hard Phenolic Resin MIL-P-8059( USAF A 
Asbestos Fabric Filler—Hard Phenolic Resin AA MIL-P-8059( USAF AA 
Continuous Filament Glass Fabric Filler— G-3 IV G-3 
Phenolic Resin ; 
Continuous Filament Glass Fabric Filler— G-5 MIL-P-79 GMG | MG-1 GMG I\ G-5 
Melamine Resin ; y ‘ 
MOLDED TUBING—FORM Tm 
Paper Filler—Hard Phenolic Resin M-1 PBM 
XX MIL-P-79 PBG E-2 PBG I XX 
XXX MIL-P-79 PBE E-4 PBE I XXX 
Medium Weight Cotton Fabric Filler-—Hard M-4 FBM 
Phenolic Resin CE MIL-P-79 FBG | EM-1 | FBG U CE 
Medium Weight Cotton Fabric Filler— CC CG 
Phenolic Resin Graphite Inclusion ‘ 
Fine Weave Cotton Fabric Filler—Hard 3 M-3 FBI I] L 
nesapsammaas LI MIL-P-79 FBE | EM-2 | FBE U LI 
Fine Weave Cotton Fabric Filler—Phenolic L¢ L 
Resin Graphite Inclusion 4 
Asbestos Paper Filler—Hard Phenolic Resin \ MIL-P-8059( USAF A 
Asbestos Fabric Filler—Hard Phenolic Resin AA MIL-P-8059( USAF AA 
Continuous Filament Glass Fabric Filler— 
Phenolic Resin 
Continuous Filament Glass Fabric Filler— MG-1 GMC 
Melamine Resin a —— 
MOLDED RODS—FORM R 
Paper Filler—Hard Phenolic Resin Se a _Ml | ESM 
XX MIL-P-79 PBG E-2 PBG I XX 
XXX MIL-P-79 PBE E-4 PBE I XXX 
Medium Weight Cotton Fabric Filler—Hard , C M-4 FBM I C 
Phenolic Resin CE MIL-P-79 FBG EM-1 | FBG ll CE 
Medium Weight Cotton Fabric Filler— CG CG 
Phenolic Resin Graphite Inclusion 
Fine Weave Cotton Fabric Filler—Hard L ina M-3 FBI I L 
Pp ° . — ——————— _ a ee amen —— 
— Resin LE MIL-P-79 FBE EM-2 FBE II LE 
‘ine Weave Cotton Fabric Filler-—Phenolic a 7 a 1 LG LG 
Resin Graphite Inclusion 1 ; 
Asbestos Paper Filler—Hard Phenolic Resin essai H-] PBH 
AsSestos Fabric Filler—Hard Phenolic Resin — - - MH-1 FBH 
ntinvous Filament Glass Fabric Filler— : ~ Vie : MIC r 
Melamine Resin G-5 MIL-P-79 GMG | MG-l GMG L\ G-5 
(Courtesy of Synthane Corporation 
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Tunnel within a tunnel — 8500-ft. exhaust ducts along the 
top of each Holland Tunnel tube are supported in the 


The Holland Tunnel 


-— 
: 
: 
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oe 






center by 7-ft. lengths of 24-inch by %-inch hot-rolled 


Monel flats. These hangers are installed every 8 feet. 


that drivers never see 


How it’s supported by 
corrosion-resisting Monel hangers 


Drivers never see this tunnel because it is hidden above 
the ceiling of the Holland Tunnel. 

This tunnel-within-a-tunnel provides a unique air ex- 
haust system that completely changes the air in the Tun- 
nel every minute and a half. Since the Holland Tunnel 
was opened in 1927, it has proved so successful that de- 
signers of the Lincoln Tunnel and other large tunnels 
have followed the same design. 

In working out this unique exhaust system, Port of 
New York Authority engineers faced the problem of pro- 
viding support for the tunnel ceiling (the exhaust duct 
floor). In order to minimize wind resistance, center sup- 
port members or hanger rods from the cast iron tunnel 
shell to the ceiling had to be as thin as possible. 

Monel flats provided the answer. The high strength of 
Monel and its corrosion resistance enabled the engineers 
to use hangers of minimum cross-section without requir- 
ing any allowance for corrosion. 


A recent check showed these Monel hangers to be in as 
good condition as when installed. No corrosion after 27 


For more information, turn to Reader Service Card, Circle No. 306 


years, despite dampness and the continuously high con- 
centration of corrosive engine fumes in the exhausted air. 

When you have a design problem involving corrosion 
and other destructive conditions, one of the Inco Nickel 
Alloys like Monel usually permits you to insure long 
service and, at the same time, to limit weight and bulkiness. 

Inco has a concise booklet on the widespread applica- 
tions of Inco Nickel Alloys. It’s titled Standard Alloys for 
Special Problems. An exceptionally handy booklet for 
designers, it gives an overall picture of casting, joining, 
forms available and properties. It also refers to more de- 
tailed literature available on each subject. And it’s yours 
for the asking, so why not write for it today. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street New York 5, N. Y. 


VN * 
inco. Nickel Alloys 


TRADE mate 


MONEL® * “R’® MONEL * “K’® MONEL * “KR”® MONEL 
“$’® MONEL * INCONEL® * INCONEL “X”® 

INCONEL “W”® * INCOLOY® * NIMONIC® Alloys 

NICKEL * LOW CARBON NICKEL * DURANICKEL® th: 
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@) io 20 30 40 50 60 70 80 90 100 10 120 
%. Perfect Combustion 
B.t.u. Gas | Ratios 
530 0.94 1.88 2.82 3.76 4.7 5.64 
1030 2 4.) 6.2 8.2 10.3 12.4 
2550 4.8 9.6 14.4 19.2 24 28.8 








s for City Gas and Propane will be similar. 
\bove percentages on gas atmosphere constituents have been averaged from many complete analyses. Actual gas analyses com- 
with above curves will vary slightly due to differences in generator temperature, catalyst, completeness of reaction, raw gas 
anai\sis and air-fuel ratio. 


th 


bon. About eight specimens are required for one chemical analysis. 


NOVEMBER, 


Courtesy of the Electric Furnace Co. 
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arbon head determinations are obtained by running .001 in. x 2-in. x 2-in. carbon steel specimens, of high and low carbon, 
zh a gas tight furnace. After exposure to gas atmosphere in furnace or until equilibrium is reached the specimens are analyzed 
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MAGNESIUM 


ALUMINUM 


35 
a y 
| 


in. tht Aes. OF 


Li@gunaT METALS — 


What a Metal 
For You to Use! 


The old fashioned idea was, “Make it 
heavy! The more weight, the more 
strength.” 


The modern idea is, “Reduce dead weight 

wherever possible.” 

Magnesium, 50% lighter than aluminum, 

is the lightest of the modern metals. 

LET B& P 
WORK 

WITH YOU 


on any idea you 
may have about de- 
signing or redesign- 
ing in Magnesium. 
The advice of B&P 
engineers is yours 
with no obligation. 
Also, B&P has the 
finest of facilities to 
produce your prod- 
Engineering & uct in Magnesium. 
Design Phone or write us. 


Rolling Magnesium Fabrication & 


Sheet and Plate Assemblies 


LIGHTNESS 
BROOKS and 
PERKINS Inc. 


Pioneer Magnesium imoholalachsola: 


Rolled Magnesium Plate & Sheet 
1960 W. Fort St. * Detroit 16, Mich. 
TAshmoo 5-5900 


For more information, Circle No. 332 
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Low hydrogen electrodes are used to arc weld a cast steel extension to one end of a large 


cast steel shoe beam. 


Alloy Steel Castings, | 
Wrought Shapes Combine 


Low hydrogen electrodes 
make possible the welding 
of alloy steel castings. Hard- 
facing employed on parts 
where wear is severe. 


@ GENERAL RAILWAY SIGNAL Co, in 
designing their latest car retarder has 
successfully made use of cast-weld 
construction. Alloy steel castings were 
extensively adopted because of irregu- 
lar shapes involved and the high 
stresses encountered in service. And 
for favorable construction, welding 
was used for joining some castings to 
each other and to wrought steel com- 
ponents. The result of this combina- 
tion is a structure that is not only 
economical to build but favorable 
from a service and maintenance stand- 
point as well. 

The car retarder is employed to 
decelerate railway freight cars. This 
is accomplished with shoes that bear 
against side faces of car wheels. Pres- 
sure of the shoes is exerted by heavy 
coil springs below cross bars, and the 
degree of pressure is varied to obtain 


the desired retarding rorce by adjus 
ing the distance between oppos 
shoes before the car wheels pass be 
tween them. The shorter the gap, the fi 
greater is the pressure applied. Re 
tarders commonly have six to eighi 
cross bars, and the shoe beams the 
operate are set by an_ electricall) ; 
operated mechanism which is in : bs 
housing beside the retarder. 


Cross Bars and Shoe Beams 


Cross bars themselves are SAl 
1335 wrought steel of square rounde 
corner section. Each bar has sever 
steel castings arc welded to it with 
1/,-in. electrode. Most of the weld 
are fillet type, but at some points 
especially in corners, the fillets at 
quite large. 

The shoe beams are made of N 
57 alloy cast steel, containing 0.35! 
0.45 carbon, 1.30 to 1.60 manganes 
and 0.35 to 0.40% molybdenum. 4 
cast steel end extension of the sam 
alloy is welded to the shoe beam usin{ 
l4,-in. electrodes. 
large and heavily stressed castings. an 
are used to support shoes at bot! 


MATERIALS & METHOD 





Shoe beams 4° By 
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5» of mating shoe beams. 


Applying a hard steel wear resistant surface to the tongue of a shoe beam casting by arc 


4 welding. This welded hardfacing comes inside and on bearing faces of the articulate joints 


in Cast-Weld Construction 


by R. E. HAAS, District Engineer, the Lincoln Electric Co. 


sides of each rail. These castings are 


§ placed end to end in rows that extend 
® the full length of the retarder. 


One end of each beam has a U- 
shape recess into which a tongue on 


" the adjacent beam projects to form a 


sort of articulated joint. Beams at the 


§ ends of each row, however, each take 


an extension that is welded to one end 
of the beam. There is considerable 
space between the two parts, and it is 
hlled with the weld metal. 

By making the extension castings 
as separate pieces, all shoe beams are 
identical and molds for casting the 
beams are made from a single pattern. 
It is a simple matter to join the ex- 
tension by welding. If it were cast 
integrally, two extra and expensive 
patterns would be needed, as the ex- 
tcnstons at opposite ends of each row 
arc not quite identical. 

\s both shoe beams and the exten- 
sions thereto are subjected to heavy 
shocks and stresses, the welded joints 
have to be strong. To assure satisfac- 
tory joints, low hydrogen electrodes 
W used for these and all other 
Weis. They avoid the tendency to 
uncr-bead cracking, and allow the 


7. 
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preheat and postheat treatment to be 
substantially reduced. Actually, the 
joints produce weldments that are as 
strong as one piece castings. 


Bearing and Crank 


A bearing and a crank shown in an 
accompanying illustration are cast re- 
spectively from No. 43 and No. 58 
high carbon alloy steels. Each of these 
castings receives pack hardened SAE 
1118 wrought steel bushings that are 
pressed in place and welded with a 
5 /32-in. electrode with alignment 
held very closely. 

Bushings are hardened to 60 Rc 
and are ground before being pressed 
into holes machined to fit prior to 
welding. There is a slight chamfer 
on the outside diameter, and a slight 
relief on the inside diameter, at the 
ends of each bushing so that insertion 
is simplified and welding does not 
affect bearing fit. Holes in which the 
bushings fit are chamfered at their 
outer ends to provide a bevel in which 
the weld bead is laid down. Welding 
is done with a copper plug in the 

(Continued on page 138) 


INVESTMENT 




















CASTINGS 


The part at left was composed of 
_a machined stamping, two screw 
o machine parts and a hardened 
~ steel bushing. The constant twist- 
ing and breakage of this fabri- 


cated part resulted in almost daily 


on which it was used. 


§ 
< 
3 stoppage of the conveying system 


By contrast, the part on the right, 
- cast in one piece without further 
2 machining by EPCO Investment 
i S. Casting, actually cost less and 
s increased production. By making 
. this important part from an air 

g hardening tool steel, further heat 
= treating was unnecessary, and a 
hardness of Rockwell “C” 53 to 55 
@ was attained. 










Send Us Your Drawiags For 
Quotations On Parts Where 


EXTRA QUALITY Must Be 
Maintained. 


N. J. HIGHWAY 79 
MORGANVILLE N. J. 
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For more information, Circle No. 449 
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COMRLASTIC 


419 EAST ST. * NEW HAVEN, CONN. 


forced — are now available in 
COHRLASTIC HT — the new, high 
=\ tensile strength, high tear resist- 
t ant silicone rubber 

= Aircraft seals must be capable of resist- 
-_ A\ ing sub-zero temperatures and possess 
— high tensile strength, high tear resist- 
ance, high stability after long exposure 
to ozone, oxidation, sun and weather. 


COHRLASTIC HT meets 
all these requirements 
with values plus 

In many cases, extruded unreinforced 
COHRLAsTIC HT seals can completely 
replace more costly reinforced seals. 
When necessary — where maximum dur- 
ability is required — COHRLAsTIC HT 
reinforced with dacron and other fabrics 
is available. 

Resiliency, low compression set, sim- 
plicity of installation and low replace- 
ment cost are some of the exclusive 
characteristics of this important new 
development. And the applications are 
many — cargo doors, camera doors, 
nacelle doors, radomes, canopies, escape 
hatches, to name a few. Literature and 
samples gladly supplied on request. 
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Close-up of steel castings welded to cros;. 
bars. Many of fillet welds are viczible. 





Not 
Alco 









Cast steel crank and bearing containing 
hardened wrought steel bushings pressed 
in place and fastened by circumferential 
arc welds laid down in bevels at ends of 
holes in castings. 


bushing hole to avoid any weld spat 
ter in the bore and to conduct away 
welding heat so that the hardness 
of the bore is not affected. 

To minimize wear at the U-shape 


articulated joints between the ends of ha 
cast steel shoe beams, a hardfacing de- hi 
posit is made with a semi-austeniti in 
type electrode. This hardfacing de- gr 
posit is about 1 in. thick, but there 's re 


sufficient clearance between the mating 
parts so that the thickness is not cr & |! 
tical and no machining is required,al: ( 
though a check is made to be sure P 
that clearance will be adequate 
avoid binding when assembly is made. 

Clearly, welding is used to g00¢ 
purpose and with advantage on sever! 
scores in this car retarder. Its excel: 
lent performance is an indication tha 
welds provide adequate strength an¢ 
the use of hard surfaces applied )j 









MANUFACTURERS OF SILICONE RUBBER COATED FABRICS REINFORCED WITH FIBERGLAS, welding certainly hele to reduce wet! 

NYLON, DACRON AND ORLON FOR SPECIFIC APPLICATIONS. MOLDED SHEETS, CUSTOM voy aany ps | 

PARTS, EXTRUSIONS, PRESSURE-SENSITIVE TAPES, HIGH TEMPERATURE  DE-ICING at joints where repair might 0 her 
SYSTEMS, NON-LINEAR MOUNTS, CONDUCTIVE GASKETS. wise be needed more frequently 





For more information, turn to Reader Service Card, Circle No. 415 
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Alcoa's 15,000-metric ton forging press. 





Not a monster, but a huge manipulator placing forging stock on 


New Aluminum Forging Alloy Gives 


ew Materials, Parts and Finishes 


... and Related Equipment 


engine manufacturers. 





Typical aluminum forgings produced by Alcoa for aircraft and jet 





» Higher Strengths in Thick Sections 
- Improved Ductility in Cross-Grained Directions 


A new high strength forging alloy 
has been developed which provides 
higher and more uniform properties 
in thick sections (over 3 in.) and 
greater ductility in cross-grained di- 
rections. Designated X7079, the 
aluminum alloy is said to be less 
quench-sensitive than alloy 7075 
(75S), thus providing more uniform 
properties in heavy sections. Limited 
tests also indicate that forgings of the 
ncw alloy may be less susceptible to 
‘istortion when machined. The alloy 
» the latest development of the Al/am- 

vm Co. of America, 1501 Alcoa 
bidg., Pittsburgh 19, and is expected 

be particularly advantageous in the 

se forgings to be produced under 
Air Force Heavy Press Program. 
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At present, X7079, one of the zinc- 
magnesium-copper series of alumi- 
num alloys, is being limited to forg- 
ing applications. According to the 
company, attention is also being di- 
rected toward its possible use in other 
wrought products such as heavy plate 
and extruded sections. 


Properties of Heat-Treated Alloy 


The characteristics of the alloy have 
allowed the company to establish 
guaranteed mechanical properties in 
die and hand forgings in section 
thicknesses up to 7 in. in the T6 
condition (solution heat treated and 
artificially aged). Following are the 
values as determined by test data for 


X7079-T6 in section thicknesses up 
to 7 in. (49 sq in.) heat treated 
in full section: 


Hand Forgings 


Guaranteed Min Typical 


LONGITUDINAL 

Ten. Str., 1000 psi 73 77 
Yid. Str., 1000 psi 62 67 
Elong., % in 4D 9.0 13.0 
LONG TRANSVERSE 

Ten. Str., 1000 psi 70 73 
Yl1d. Str., 1000 psi 60 63 
Elong., % in 4D 6.0 9.0 
SHORT TRANSVERSE 

Ten. Str., 1000 psi 65 71 
Y1d. Str., 1000 psi 54 59 
Elong., % in 4D 4.0 6.0 


(Continued on page 142) 
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Die Forgings 


Guaranteed Minimum Typical 


PARALLEL TO FLOW LINES 


Ten. Str., 1000 ps1 74 78 
Yld. Str., 1000 psi 64 68 
Elong., % in 4D 10.0 14.0 
NOT PARALLEL 

Ten. Str., 1090 psi 72 76 
YId. Str., 1000 psi 61 66 
Elong., % in 4D 1.0 9.0 


According to the company, limited 
tests on hand forgings up to 12 in. 
in thickness, heat treated in full sec- 
tion, indicate tensile and _ yield 
strengths approximately 4-7000 psi 
lower than those shown for 7-in.- 





thick sections. For hand forgings is at least equal and 
over 7 in. thick the company will superior to 7075-T6 from the sta 
negotiate guaranteed minimum prop- point of  stress-corrosion king 
ext es for particular sizes. Since service failures due st 
corrosion have not been enc: 
Other properties of 7079-T6 alloy: the company expects no nc 
Weight, Ib/cu in. 0.099 from this factor. 
Electrical Conductivity, The machinability of X7079-Ti 
% I1.A.C.A. 31 


expected to be the same as for 7075 
T6, though tests indicate that jt 
somewhat less susceptible to disto; 
tion during machining than 7075.7 
and 2014-T6 (14S-T6). 

At present there are no govern 
ment or customer specifications fo; 
the new alloy though steps are being 
taken to request inclusion in Federal 
Specification QQ-A-367c. 


Thermal Conductivity, 
C.G.S. Units at 25C 0.29 
Fatigue Strength 
Tests indicate fatigue strengths 
similar to 7075-T6 (75S-T6) for 
both smooth and notched speci- 
mens, in longitudinal and _trans- 
verse directions. 


According to the company, limited 
testing has shown that the new alloy 
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These miscellaneous parts were fabricated 
from new high temperature nylon molding 
powder. 


Nylon Molding Powder Has High Distortion Point 


The material is said to have a lov 
coefhicient of friction and excellent 
wear characteristics when used on dr 
bearings or wear surfaces. Accord 
ing to the producers, where dimen 


A new nylon molding powder for 
injection molding is said to have a 
heat distortion temperature of 250 F 
when tested on a 1-in. dia bar at 
264 psi. Developed by the Polymer 
Corp., Reading, Pa. The material, sional stability of molded nylon part 
called Nylatron GS, is a polyamide is critical, the new formulation offers 
composition based on DuPont's Zytel a coefhcient of thermal expansion 
101 nylon and molybdenum disul- lower than that of the unfilled formu 
phide. lation. 








This printed circuit is made on new laminate 
by Methode Mfg. Co. 





Bond in Printed Circuit Laminate Improves with Age and Heat 


A copper-clad printed circuit lam- 
inate incorporating a bond which is 
electrically equal to the laminate and 
improves with age and heat has been 


Tests on production lots of CuClad 
XXXP-grade laminates have indicat: 
ed the following properties: 


Bond Strength, guaranteed min, lb 6 


developed by Mica Insulator Co., : i avg, lb 9 
Schenectady, N. Y. Called Mico Cu- ph age: yrange po x 
Clad Laminoid, the laminate is said othe el ya 


Heat Resistance, guaranteed no 
change at 300 F (air-circulated 
oven, air flow parallel to speci- 
men), hr 

Punchability 


Surface Resistivity, megohms, 


to possess high bond strength, elec- 
trical performance,  solderability, 
punchability, to be capable of with- 


Excellent 
standing 450-460 F without blistering 


and 300 F continuously for 1/, hr C-96/35/90 Tas © 
; “as Volume Resistivity, megohms, ' 

without deteriorating. The bonding C-96/35/90 3.7 x 10 

technique is also said to facilitate Water Absorption, — 

bonding copper to many Class A and i,t Sy Pal oa: i 

Class B laminates. Copper removed, % 0.7 
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New Materials, Parts and Finishes continues 





Two New Decorative Finishes for Plastics 


new coatings have been mar- 

to provide color and finishing 

yn plastics. Logo Stipple X-88 

s a stipple coating designed to form 
tured base for application of col- 
finish coatings; Logo Spatter 
R-69 is available in a variety of colors 


and produces a spatter effect which 

mav be backed with a continuous coat- 

ing of another color to provide a two- 
ior finish. 

Produced by Logo, Inc., 13799 
South Ave. ““O”", Chicago 33, Logo 
Stipple may be used on plastics such 
as butyrate, acetate, acrylic, phenolic, 
polyester and polystyrene, while Logo 
Spatter is suitable for use on acrylic, 
polystyrene, Royalite and other types 
of finishes. It may be used on the 
first surface of opaque or the second 
surface of transparent plastic sheet. 
For second surface application, it may 
be backed by any contrasting color 
for the desired effect. For the first 
surface application, the continuous 
finish is applied first, and the spatter 
applied over it. 








Polystyrene panel (left) has been coated with the Stipple and a gold topcoat. The finish on 


the transparent plastic panel (right), viewed through the panel, is made up of a coat of 


White Spatter ord backed with Black. Any color combination may be used. 





Silicone Polymer Adds Wide Temperature Range to Organic Rubber 


A new silicone polymer, Dow 
Corning 410 Gum, that can be vul- 
inized with sulfur and either blend- 

with or applied as a surface coat 
to organic rubbers to extend their 
temperature range to 70 to 400 F 
has been developed by Dow Corning 
Corp., Midland, Mich. According to 
the producers, the physical properties 
of the resultant blends fill the gap 
between those of high strength sili- 
cone rubber and the organic rubber 
constituent. The polymer can also 
be blended with oil resistant rubbers 
(o increase their stability in contact 
with hot oil and resistance to ozone 
ind weathering. 


Dow Corning 410 Gum 


Clear and colorless, the gum is a 
ch viscosity, high molecular weight, 
icone polymer. According to the 
oducer, it can be compounded and 
canized by methods recognized as 
ndard procedure in fabricating or- 
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ganic rubbers. Typical properties of 
110 Gum are: 
Plasticity (Williams), mils 45 
Specific Gravity 0.98 
Brittle Point (when vulcanized), F -80 
The Gum can be compounded with 
most of the fillers commonly used in 
organic rubber, and with convention- 
al sulfur vulcanizing agents. Al- 
though not as heat-stable as the 
regular Silastic stocks which require 
an after-cure, parts vulcanized from 
the compounded gum are serviceable 
from —70 to 400 F with good re- 
sistance to oxidation and weathering. 
Properties of a rubber compounded 
of 100 parts Dow Corning 410 Gum, 
40 parts HiSil 303, 3 parts Methy! 
Tuads and 0.5 parts Captax indicate 
the physical characteristics obtainable. 
The following typical properties were 
obtained after 20 min vulcanization 


at 320 F: 
Durometer, Shore A 63 
Tensile Strength, psi- 850 
Elongation, % 325 
Brittle Point, F -80 








Tensile strength of bond between butyl 
(black) and new gum is equal to that of 


silicone component. 


Compounded gum can also be vul- 
canized in contact with organic rub- 
bers to yield a silicone coating having 
a high degree of resistance to weath- 
ering, heat and ozone. A better bond 
is attained between the organic and 
silicone components if they are sepa- 
rated by a blend of the two. Com- 
bined with high temperature organic 
rubbers, Dow Corning 410 Gum 
lowers their brittle point; increases 
their high temperature resistance. 
Combined with low temperature or- 
ganic elastomers, it improves their 
high temperature serviceability and 
their low temperature characteristics. 


















Some of the fittings available for the new 


corrosion resistant plastic pipe. 
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Plastic Pipe Has High Toughness, Corrosion Resistance 


A new corrosion-resistant, rigid 
plastic pipe with a high degree of 
impact resistance and toughness has 
been marketed by the American Hard 
Rubber Co., 93 Worth St., New York 
13. It is a general purpose materia! 
designed for handling most common 
corrosive media. 

Called Dur-Ace, the pipe is light 
weight, odorless, tasteless, and non- 
contaminating. According to the pro- 
ducers, the pipe has a high degree of 
resistance to all inorganic acids and 
alkalis with the exception of some 
strong acids and organic solvents. 
Moisture absorption is low and prop- 
erties are said to be maintained over 


a temperature 
170 F. 
Working pressures at 70 | 
extra-heavy-wall pipe range fr 
psi for 1/4 in. to 150 psi for 2-i 
diameters. For standard-wall Pipe 
working pressures range from 150 
psi for 1/4, in. to 75 psi for the 2 in 
At 170 F, working pressures are ap 
proximately half those recommended 
for 70 F operations. These pressures 
are based on a safety factor of 5 to | 
The pipe is easily threaded with 
standard pipe-threading tools, and it 
can be bent in regular pipe forming 
equipment if it is first softened by 
heat. 


range of 0 


















A sheet and typical parts stamped from 


new laminate. 





Low Cost Plastic Laminate Has High Electrical Properties 


A glass fiber-polyester laminate 
priced in the range of NEMA XX 
laminates is claimed to have higher 
heat stability, better impact strength, 
higher arc resistance and lower mois- 
ture absorption than XX _ laminates. 
Produced by the Glastic Corp., 1823 
E. 40th St., Cleveland 3, Ohio, Grade 
TS Glastic is said to couple these 
properties with punch - toughness. 
This latter characteristic allows holes 
to be punched close to the edge of 
the sheet and narrow strips to be 


sheared off without preheating, in 3 — 
thickness up to 1/) in. 

The material is said to be well 
suited for use in mounting panels 
terminal strips, barriers, coil washers 
bus supports, base plates and other 
insulating or supporting parts in 
switch gears, transformers, motors 
controls and appliances. The ma 
terial is available in thicknesses of 
1/16 to 4 in. in sheets 24 x 36 in 
and 36 x 72 in., and on request i 
thicknesses through 1-//, in. 























Two new compounds have been 
developed to aid in derusting iron 
and steel. One is a non-electrolytic 
alkaline derusting compound which 
is said to leave the base steel clean 
and bright; the other converts rust 
into an iron phosphate coating. 

| Alkaline Rust Remover 

Developed by Enthone, Inc., 442 

Elm St., New Haven, Conn., Alka- 

| Deox 114 is a free-flowing powder 
that is used in a concentration of 1 
to 3 Ib per gal of water. For rapid 
removal of rust, the compound should 

| be heated to 180 to 212 F. Accord- 


Two New Compounds Aid Rust Elimination 


ing to the company, the alkaline solu- 
tion will not attack the base steel, and 
paints, organic coatings and other 
surface contaminants are removed, to- 
gether with the rust. It is recom- 
mended for the bulk derusting of 
steel and cast and malleable iron. 


Rust Converter 

Marketed by Municipal Steel Co., 
Chemical Div., 1225 Broadway, New 
York 1, FerRoSeal is a cold phospha- 
tizing treatment for rusted iron and 
steel. Developed by the Walterisa- 
tion Co. of England, the material is 
said to chemically convert rust into a 











protective iron phosphate coating 
which forms a good base for paints 
When used as a base for a coating 
the material is said to act as a bond 
and seal against further corrosion 
According to the distributor, FerRo- 
Seal is compatible with asphalt, gil- 
sonite, vinyls, silicones, neoprene, 
zinc base materials and other coat 
ings as well as paints. One gallon 
is said to cover a metal surface area 
of about 1000 to 1500 ft, depending 
on the thickness of the rust. 


(More New Materials on page 146) 
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OSTUCO DOES THEM ALL...AND MORE! 


Ostuco carbon or alloy steel tubing is manufactured, fabricated and forged 
to your exact specifications . . . all under one roof. If you want to know 
more about the advantages of a “single source” where one purchase order 
ing takes care of all details, send for our latest catalog, “Ostuco Tubing.” 







ing Better still, send us your blueprints for prompt quotation. 

ond 

ion. 

Ro- 

sal. OSTUCa 

fl SHfLeY. conse 

ne, 

vat OHIO SEAMLESS TUBE DIVISION 

lon of Copperweld Steel Company « SHELBY, OHIO 

Birthplace of the Seamless Steel Tube Industry in America 

rea SEAMLESS AND SALES REPRESENTATIVES: BIRMINGHAM e@ CHARLOTTE @ CHICAGO 

+7 CLEVELAND @ DAYTON @ DENVER @ DETROIT (Ferndale) @ HOUSTON @ LOUISVILLE 
ng ELECTRIC WELDED LOS ANGELES (Beverly Hills) @ MOLINE @ NEW YORK @ NORTH KANSAS CITY 






PHILADELPHIA @ PITTSBURGH e@ RICHMOND e@ ROCHESTER e@ ST. LOUIS @ ST. PAUL 
SALT LAKE CITY e@ SAN FRANCISCO e@ SEATTLE @ TULSA @ WICHITA 
CANADA, RAILWAY & POWER CORP., LTD. 


EXPORT: COPPERWELD STEEL INTERNATIONAL COMPANY 
117 Liberty Street, New York 6, New York 


STEEL TUBING 
—Fabricating 







and Forging 






For more information, turn to Reader Sevice Card, Circle No. 374 
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HOLCROFT 
and the 
BATCH 
FURNACE 





More Jobs... 
Faster...!iat a Lower Cost 





The batch furnace permits you to handle a large variety of jobs— 
it can be completely automated for faster production—and can 
deliver volume production at a low, low cost. ° 


For example, in the furnace shown below you can anneal, temper, 
clean harden, carbon restore, carburize or carbonitride entirely 
automatically. 


In a batch furnace, the entire work load is positioned inside the 
chamber and is removed after the heat treat cycle has been 
completed. Batch furnace may have several stock handling methods: 
tray, car, cover, elevator, pit, and tumbling barrel depending on 
the type of stock treated. 


Just as great a variety of stock handling methods pop up when 
furnaces are continuous, that is where successive loads parade 
through heat treat cycle. You will find a complete description of 
all types of continuous furnaces and their methods of handling 
stock in Holcroft's book—Blazing the Heat Treat Trail. You can 
have a copy if you write today. Holcroft & Company, 6545 
Epworth Bivd., Detroit 10, Mich. 


‘ movcnor? & company - FMA Sele) eile), Mil Sins 32 3a 2 eS FOR EVERY PURPOSE 


CHICAGO, ILL CLEVELAND, OHIO HOUSTON, TEXAS PHILADELPHIA, PA 
CANADA: Walker Metal Products, Ltd., Windsor, Ontario EUROPE: S.0-F.1.M. Paris 8, France 





For more information, turn to Reader Service Card, Circle No. 384 
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Low Cost Silicone Rubber 
for Cable Insulation 


A new silicone rubber which 


be fed into extruding equipment, re 
quires no milling, needs no oven 
bake and is relatively low in cost has 
been developed by the Sz/icone P 
ucts Dept., Gene ral Electric ( 
Plastics Ave., Pittsfield, Mass., for 
use as cable and wire insulation 
Designated SE-965, the rubber is said 
to have good shelf stability, and elec. 
trical properties, and can be tinted in 
various colors. 

The finished surface is said to be 
smooth and glossy, and the 


pound can be easily braided. It 
suitable for Navy Cable and genera 
commercial applications where tem 
peratures of 65 to 300 F are 
countered. 





Pressure-Sensitive Plastic Tape 
Has High Strength 


A new pressure-sensitive film tape 
possessing 25-lb tensile strength pet 
in. of width, 100% elongation and 
35-oz adhesion per in. of width has 7 
been marketed by Msnnesota Minii¢ ‘ 


MATERIALS & METHODS 
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TO BE SURE 
of accurate 
hardness 
tests 


use only a‘‘BRALE” 


A penetration error of 80 millionths of an inch 
throws a hardness reading off one full point. 


That is why the wILson Diamond “Brale’”’ 
Penetrator is required for accurate testing of 
heat-treated steel on the WILSON ‘““ROCKWELL’’* 
Hardness Tester. It is precision ground under 
high magnification to assure mathematical and 
microscopic accuracy. Each Brale is accurate 
to the degree required even for a research 
laboratory. 


Use of these ‘“‘Brale” penetrators on WILSON 






Wilson Diamond 
“Brale” Penetrators 


Wilson Mechanical Instrument Division 


AMERICAN CHAIN & CABLE 


A Minor load 
penetration 


B Major load 
penetration 


C Linear 
measurement 
of penetration 
increase 











SURFACE OF SPECIMEN 


, A See ; 


““ROCKWELL” Hardness Testers for testing 
hardened steel more than pays for itself by the 
saving in good parts rejected or unsatisfactory 
parts passed by less accurate tests. N Brale 
penetrators are for use with WILSON “‘ROCK- 
WELL” superficial testers. 

There is a WILSON “ROCKWELL” Hardness 
Tester for every requirement including the 
WILSON TUKON for micro-indentation testing. 
Write for literature and prices. 


*Trade Mark Registered 
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230-E Park Avenue, New York 17, N. Y. 


For more information, turn to Reader Service Card, Circle No. 311 
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bh 
and Mfg. Co., 900 Fauquic ’ Uh 
Paul 6, Minn. The Scotch bra, 
colored film tape No. 850 ha Dol 
ester film backing that the compan 


claims has a relatively high degree of 
heat and chemical resistance. 
Made with red, black or whit 

| pigments in its adhesive, th tape 
| is said to resist attack by acids 

alkalies, ketones, hydrocarbons, esters 
| and other common solvents as well qs 
| all types of weather conditions. It js 
also said to retain its flexibility at loy, 
temperatures and to possess high di. 
mensional stability despite heat and 
huraidity changes. 

Uses for the tape are expected to ~ 
be found in electroplating for stop. 
| off masking jobs; metal fabrication 
for striping jobs; for decorative color 
striping and emblems of all types 
and for general industry use where 
| color marking is necessary. The tape 
| is available in 14-to 23-in. standard 
widths on 72-yd rolls. Other sizes 
| can be produced on special order. 





look good from any angle 


Whether you’re angling for a new product de- 
sign, re-designing an established product, or d 
casting for fresh design ideas for a functional 
part or decorative trim ... take a good look at 


Nickeloid pre-plated Metals. Reflected in their General Purpose Coating Has 
gleaming, durable finishes of chrome, nickel, High Electrical Properties 


copper and brass you will find a whole new | 
realm of exciting design possibilities. You will A new air-dry spray coating is sal 
find, too, many design success stories which re- | to combine high physical, chemical 
sulted when Nickeloid Metals were considered and electrical properties making it 
in the pre-design stage, to take full advantage of 
their versatility and their lower production cost. 








suitable for a variety of electrical 
insulating uses as well as for spot 
corrosion protection. Marketed by 
Insl-X Sales Co., 26 Rittenhouse P! 
Ardmore, Pa., E-26 spray provides a 7 
coat 0.75 mils thick with one spray 
stroke and the coat can be built up & 
| to any desired thickness by repeated 
| application. 
| 





The resulting coat is said to have 
high arc and corona resistance, and to 
| possess a dielectric strength of 800 
| to 1200 v per mil. It can be used 
| to protect and insulate such equip- 
| ment as bus bars, transformer anc 
coil leads, motor coils, switchgear, 
starters and controllers. It will 10- 
sulate and protect from moisture 
NICKELOID METALS terminal boards, permanent electrical 
“ ive connections, fuse boxes and _panel- 
boards. It can also be sprayed on 
plant and equipment surfaces as spot 
| protection against corrosion. E-206 1s 
| be applied by dip and brush as » ell 
available clear and in colors and may 

as by spray techniques. 





‘wc le | 








(More New Materials on page 150/ 
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‘ard Precision Tubing for Precision Jobs 


SIZES 














Tubing tolerance is a big “must” on this job. Thomson Indus- 
tries, Manhasset, N.Y., insists on it. Otherwise, manufacturing 
BALL BUSHINGS (ball bearings for linear motion) would have 
— been even tougher than it was. 


$e 














Part of the problem was the tubing to house the bearings and 
the raceway. Those bearings are very tough on tubing... 
especially at the contact points. 




















Other requirements were: good surface conditions; good di- 












































lira | mensional control, both I.D. and O.D.; uniform wall thickness; 
+t | uniform concentricity; and uniformity from a metallurgical 
nal i ae standpoint to stand heat treating. 
pot . een And, equally important, economy. By using ELECTRUNITE 
by | Tubing, Thomson Industries eliminates a grinding operation. 
i  /- 7 a That helps keep costs down. 
sa salina The tubing that hasall these advantages is Republic ELECTRUNITE, 
ray | a precision mechanical tubing for applications like this. You can 
up - get it in carbon or stainless analyses. And Republic engineers 
ted will be glad to help you use it, profitably, in whatever products 
a you make. Call your nearest Republic Sales Office or write to: 
ave | 








ito | REPUBLIC STEEL CORPORATION a 


300 Steel and Tubes Division 














sed 218 East 13ist Street, Cleveland 8, Ohio 

Ip: Z GENERAL OFFICES * CLEVELAND 1, OHIO 

ind Export Department: Chrysler Building, New York 17, New York 
= _ 
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IN SOLVENT DEGREASING 


There are three basic reasons why you get more value in Detrex equipment. 





First, no other company can match Detrex experience in solvent degreasing 
...in fact a Detrex development (the art of stabilizing chlorinated solvents) 
originally made possible modern solvent degreasing. Today, Detrex pro- 
duces more equipment for use with chlorinated solvents than any other 
company. 


Second, Detrex is the only manufacturer of degreasing equipment who is 
also a basic producer of solvent . . . industry's largest direct supplier of 
trichlorethylene. Thus, Detrex engineers, chemists, field technicians alike 
fully understand both the behavior of solvent as well as the operation of the 
equipment in which it is used. 


Third, Detrex service does not stop with installation of equipment but con- 
tinues, free of charge, for as long as the operation exists. A large, competent 
staff of Detrex technicians is dedicated to this important work. 





All in all, you can't match the benefits that accrue to Detrex customers. And 
that is the reason why industry prefers equipment that bears the name 
Detrex ... it is truly the value sign in solvent degreasing. 


We'd like to have your field technician show us ways to cut costs, boost quality in our present 
degreasing operations. (There is no charge for this service, regardless of your present make 
of equipment.) 
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CITY ZONE STATE 











CORPORATION 


DEPT. E-302, BOX 501, DETROIT 32, MICH, 
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Variety of Fixtures 
Joins Plastic Pipe 


Twenty-seven special purpose fi 
tings for flexible plastic pipe have 
been added to the line of standa, 
fittings produced by Franklin Plas: 
Inc., Franklin, Pa. The new group 
is composed of extra length oup! 
ings, adapters and elbows for ba 
teria-free water well installations 
long and short adapter elbows | 
simplify linkages used in jet pun 
hook-ups; and insert reducing t 
with female threads in the stem 

The well seal parts make it pos 
sible to seal water well casings geri 
free at the top where the water p'pes 
enter. The long and short adapters 
reduce the cost of water system | 
stallations. Amd the insert reducing 
tees are designed for use where | 
is necessary to branch from a plast 
pipe with a smaller metal or plast 
stem. 


~ 


Aluminum Coating Protects 
Materials from Attack 


A new coating has been deveo!p: 
which forms a protective shell 0! 
aluminum when applied to iron, stecl, 
aluminum and wood surfaces. Thé 
coating is composed of atomized alu: 
minum bonded to the surface with 
a fluxing vehicle. Developed by the 
Industrial Div., the Woodhill Chen 
cal Co., 1391 E. 33rd St., Clevelan¢ 
14, the coating can be sprayed of 
brushed on, will dry dust-free in less 
than 1 hr, and will fully cure in 6 hr 
Called Duro Aluminum Shell Coat 
ing, it is said to be suitable for tht 
protection of structural work, 10! 
coating porous castings and met 
signs, and for automobile bodies 
When used on wood it serves @ 
guard against warping, checkiny an¢ 
cracking. 


<For more information, Circle No. °99 
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New Materials, 
Parts and Finishes 


ee 








Flat, Reinforced Plastic Sheet 
in Continuous Rolls 


Flat, glass - reinforced polyester | 


sheet is now being produced in con- 
tinous roll form by Plexolite Corp., 
2051 E. Maple Ave., El Segundo, 
Calif. The sheet has an electronically- 
controlled uniform thickness, and the 
length of rolled sheet is limited only 
by shipping and handling needs. 

The sheet shown above is 65 ft 
long, 24 in. wide and weighs 60 Ib. 
Widths range from 12 to 40 in. and 
the material is available in 15 colors. 
The sheet is translucent making it 
suitable for sign and display back- 
grounds, and it can be easily sawed 
and drilled. Other applications in- 
clude use in awnings, industrial sky- 
lights, glazing and translucent ceil- 
ngs. It is said to be impervious to 
icids and shatter-proof. 


Cold Degreasing Solvent 
Cuts Fire Hazards 


A new nonflammable, low-toxicity 
solvent for cold cleaning and degreas- 


ing operations has been marketed by | 


the Dow Chemical Co., Midland. 
Mich. The material, Chlorothene 
consists of inhibited 1,1,1-trichloro- 


ethane, and according to the producer | 


is well suited to those cleaning appli- 


cations formerly requiring toxic, flam- | 
mabie solvents. Although 1,1,1-tri- | 
chloroethane by itself may corrode | 


aluminum and its alloys, the new 


inhibited grade is said to eliminate | 
such corrosion under all except the | 


mos’ drastic conditions. 
lore New Materials on page 152) 
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REMOVES RUST EASIER, FASTER 
e+e provides good surface for paint 


Detrex 800" quickly, easily and thoroughly removes rust from metal without 
scratching or marring the surface. It also leaves a mild coating of phosphate on the 
surface which retards rust and provides a good base for paint finishes. Paint finishes 
last longer, look better. 


Detrex “800” eliminates scraping, brushing and other costly hand operations used 
to remove rust from castings, forgings, sheet metal and all other metal surfaces. 
You apply Detrex “800” by wiping, brushing or spraying it on... even by dipping 
the parts. After a few moments, rust wipes off as easily as dried liquid polish. 
Meets civilian and government specifications for surface preparation prior to 
painting. 

FINE FOR PICKLING OPERATIONS, TOO ... .Detrex “800” Rust Remover 
Series presents none of the fumes of hydrochloric or sulfuric acids, yet is just as 
effective when used as a pickling agent. 


Please send me literature on Detrex 800 Series and arrange to schedule 
a free demonstration in my plant. 
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CITY ZONE STATE 














CORPORATION 
DEPT. PC-202, BOX 501, DETROIT 32, MICH. 
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Two New Welding Electrodes: 
Automatic Operation, 
High Tensile Welds 


Two new welding electrodes hay. 
been marketed, one a spooled wire 
for use with the inert-gas-shielded 
arc methods of automatic weldiny 
the other a drag electrode for high 
tensile strength welds. 


Spooled Wire for Automatic 
Welding 

Spoolalloy, developed by Pacifi 
Welding Alloys Mfg. Co., 312 North 
Ave. 21, Los Angeles 31, is a weld. 
ing electrode from which all oxides 
are said to be removed, reducing 
poor arc and poor fusion. The wire 
is precision wound, eliminating pos. 
sibility of kinks and insuring a stead; 
flow of wire to the welding head. |: 
is particularly designed for sigma and 
heli-arc automatic welding. Spool. 
alloy is available in a range of alloys 
including aluminum, monel, inconel, 
stainless steel, phos-bronze and high 
carbon steels. 


Drag Electrode Forms High Ten- 
sile Joints 

Jetweld 2 HT, developed by the 
Lincoln Electric Co., 22801 St. Clair 
Ave., Cleveland 17, Ohio, is especial: 
ly designed for high speed welding 
of flat fillet and deep groove joints 
where high tensile strength and low 
crack sensitivity are required. Iron 
powder incorporated in the elec 
trode’s coating is said to provide 
speed and high performance. 

The rod operates on either a.c. of 
d.c., although a.c. is recommended. 
Features claimed for the welding 
operation include good wash-in, slag 
removal and reduction of spatter to: 
minimum. ‘Typical _ stress-relieved 
values for the new electrode are: 
tensile strength, 76,700 psi; yield 
64,300 psi; and elongation, 27%. Jet 
weld 2 HT is classified as E-7020 
and is available in 7/32-in. diameters. 


Two New Aluminum Casting Alloys 
Available in 50-Lb Pigs 


Two new standard aluminum alloy 
pig products, designated alloy 2364 
and 2393, are being produced 10 


MATERIALS & METHODS 
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-} THE DESIGNER AND ENGINEER: 
_ pioneers of improved products for company growth 

















FR Corp.'s new photo enlarger lens housing barrel and sleeve are molded of Lustrex Hi-Test 88 styrene; 
upper housing of Resinox phenolic plastic. 


FR’s designers create first low-cost, 


quality enlarger with 


The FR Corporation’s new photo enlarger is a 
notable example of how sound, functional design 
in plastics can slash production, finishing and 
assembly costs — savings that made possible an 
inexpensive, quality instrument aimed at a big, 
untapped market. 

The lens housing barrel and sleeve are molded 
of Monsanto’s Lustrex Hi-Test 88 styrene — and 
they’re classics of engineered economy. Complex 
Shapes that would be difficult, time-consuming and 
expensive to fabricate by conventional processes 
are quickly formed in a “one-shot” molding oper- 
ation with Lustrex Hi-Test 88 styrene ...and at a 
cost far below that of designs in other materials! 
Ready for assembly when it comes from the mold 
— no finishing needed! 


HI-TEST 88 


MONSANTO 


rhe FR enlarger’s upper housing, made of 
Monsanto’s Resinox phenolic plastic, contains a 
high intensity, low-wattage lamp which produces 
plenty of heat...sure death to most materials. 
But not to Resinox! It’s ruggedly resistant to heat, 
resists chipping and rusting. FR’s designers also 
know that Resinox molds with flawless quality, 
eliminating costly finishing. 

Modern designers and engineers plus Monsanto 
plastics are ideal teammates for greater products 
and bigger profits for your company! Write for 
full information on Monsanto plastics to: 
MONSANTO CHEMICAL COMPANY, 

Plastics Division, Room ge11 
Springfield 2, Mass. 
Resinox: Reg. U. S. Pat. Off. 





MONSANTO 





Alloys 









Meet more Monsanto products | 
on the CBS-TV ‘’Morning Show 


| alloy SERVING INDUSTRY... WHICH SERVES MANKIND | | 3) 
2464 : 
eC in 
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| ANYTIME! 
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The experience will be well ais 
worth your while! You will be able <~ 
to get the Unitcast Story first 

hand, with nothing left to your 

imagination. 

There’s no need to be concerned about 
your personal safety. You will be furnished with protective 
equipment. Our ventilating system effectively keeps the atmosphere 
clear for your breathing comfort. And every known safety device is 
employed for your constant protection. 

We'll escort you thru the heart of the foundry. You'll be 
standing beside the roaring furnaces . . . be able to Jook into their 
bubbling bellies . . . see the effect thousands of amperes have on the 
charge thru massive carbon electrodes. You'll see the great ladles 
swing away to spew forth their white hot streams of molten steel 
into hundreds of mass-produced molds. You'll be permitted 
to scale the stories-high sand mill . . . and in a matter of minutes 
| return to see castings being cleaned that you saw poured 
a short while before. 

We'll apologize, in advance, for the noise. We're sure you'll 
be gracious enough to overlook the one inconvenience we cannot control. 

These experiences . . . and many more are yours without 
obligation. A post card or letter in advance will assure you an 
educational trip thru America’s Most Modern Electric Steel Foundry. 
Drop in anytime! 








UNITCAST CORPORATION 


als Plant Ill 


v\\ 1414 E,. BROADWAY at RICHFORD, TOLEDO, O. 












QUALITY 
STEEL 
CASTINGS 
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50-Ib pigs by Kaiser Alun 
Chemical Sales, Inc., Chalm 
The 2364 alloy is said to be a co 
— high purity version of allo, 
-108 and 319, used for pe 
pet and sand castings. T] 
alloy is a high-purity equiva 
380 (AXS679), commonly used { 
die castings. New alloys may also } 
blended with secondary alloys 
The per-cent compositions of th 
alloys are as follows 


2364 
Copper 4.5-5.0 ».0-4.0 
Silicon 5.5-7.5 75-9 § 
Iron 0.6-max 0.6-1.0 
Other impurities, each 0.1 max 0.1 may 


Advantages claimed for the new 
> oducts include easier handling dy 
to the 50-lb size, greater ductility 
finished castings, and lower meitir 
loss and improved machinability s 
alloys are made from prime meta 


only. L 


Ready-Mixed Adhesive Bonds : 
Variety of Materials Ez 


A new industrial adhesive which 
requires no accelerators, arya or 
mixing has been developed to bond 
metals such as steel, aluminum, cop 
per, brass and lead; structural mater 
als such as concrete, brick, and wood 
natural and synthetic rubbers; glass; 
paper; canvas and plastics including 
polyester, rigid vinyls and phenolics 

Called Neoprene Adhesive F-1, the 
material is produced by the Adhe 
De pt., ¢ Carboline Co., 331 Thornton 
Ave., St. Louis 19, Mo. 

The adhesive may be applied by 
spatula, brush or spzay equipment 
and only good contact pressure 1s 
necessary to insure a strong bond 
According to the company, the bond 
improves with age. W hen bonding 
neoprene sheet, a peel strength of 40 
psi is said to be developed within 7 : 
to 10 days. One of the exceptional 
features claimed for the adhesive 's 
its ability to bond sponge rubber and 
rubber strip to metal such as gutter 
stripping, and weather stripping 
door frames of automobiles. 2 


Non-Toxic, Flexible Plastic Pipe 


Made of 100% virgin polyethy'en¢ 
resin, a new light-weight flexible 
plastic pipe has been develope: by 


MATERIALS & METHODS 


It's welded— 
but you can't feel the weld It has to be accurate 





It's easy to Specify Brainatd ror 
fabricate WELDED STEEL TUBING 


e@ Brainard welded tubing is an economical struc- 
tural material, and offers many physical advan- 
tages. It has a smooth exterior, with all weld 
flash removed. Its wall thickness is uniform, since 
it is formed from flat strip. With welded tubing 
you can cut weight without sacrificing strength. 
pegs | And there’s practically no limit to the design 
ied J requirements you can meet with this easily 


bond yo” | fabricated material. 
ding — | Brainard maintains continuous quality control 
ot 40 . : 

9 a! throughout manufacture—from ore to finished tub- 


ional 3 ing. Careful supervision assures you high quality. 


ve is — " : For complete specifications call or write Brainard 


+ and . Steel Division, Dept. X-11, Griswold St.. Warren. 0. 
rutter ‘ . 


a to 


ig 


ment 
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—Snanonsreec 


STEEL DIVISION 
SHARON STEEL CORPORATION 
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If it’s a part 


requiring 


Castings that resist 


impact and abrasion 


your best-equipped, best-informed source is 


TAYLOR-WHARTON 





Jordan Plugs, Linings 


Chain Ball Mill Liners Jaw Crusher Parts 


and Sleeves 


@ First and oldest producer of manganese steel in America 


@ Longest production experience in casting of manganese and 
low-alloy and carbon steels for severe impact and abrasion. 


@ Broadest application experience in the practical use of these 
steels, under every possible condition. 


@ Most modern methods, including latest electric furnaces, heat- 
treating, grinding and inspection equipment, supervised by 
experienced metallurgists and foundrymen. 


® We invite your 
LOOSE PATTERN WORK 
We are ideally experienced and equipped 


to do experimental work or short-run pro- 
duction involving castings for high wear 


Symbol of sound castings resistance against impact and abrasion. 


Send details of your needs. 











Consult our engineers on any application 


i TAYLOR-WHARTON ‘sree: co. 


stidaallal* lil? lume ue Easton, Pa 


For more information, turn to Reader Service Card, Circle No. 328 
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Ouaker Rubber « rp Di 
Porter Co., Inc., Tacony at 
Sts., Philadelphia 24. Design 
Series 200, the pipe is guarai 
be non-toxic and it will not 

or corrode. It is easily hand 
economical. Typical applications 
clude cold water systems, farm 
sewerage, water service lines an 
means of conveying industrial chen 
cals and gases. 


Two New Cleaning Compounds: 
Electrocleaner and Cold Cleaner 


Two new cleaning compounds hav« 
been developed, one for electroclea: 
ing of copper and steel, the othe: 
water emulsion, which operates 
room temperature and reduces plat 
fire hazards. 


Heavy Duty Electrocleaner 


Pennsalt Cleaner K-8 is a develo 
ment of the Pennsylvania Salt Mf; 
Co., 1000 Widener Bldg., Philade! 
phia 7, and is designed to provid 
high detergent properties to remo\ 
mill oil and smut from steel and 
copper. It is a granular, anhydrous 
product containing 100% active in 
gredients which resist neutralization 
by acid soils and provide high ele 
trical conductivity. The compound 1s 
recommended for use at 4 to 12 « 
per gal, at 210 F with 75 to 1 
amp per sq ft. Cleaning time wi 
vary from 1/, to 2 min depending 
the application. 


Cold Cleaner Cuts Hazards and 
Cost 


A new cleaner which will operate 
at room temperature and is used 
in a water emulsion form has been 
marketed by E. F. Houghton & C 
303 W. Lehigh Ave., Philadelphia 
33. According to the producer, it 
will eliminate fire hazards caused bj 
highly volatile solvent cleaners in 
still tanks on the production line. 

Other advantages claimed for the 
Houghto-Clean 402-403 are: removal 
of most generally encountered shop 
soil; protection of freshly cleaned 
surfaces from rusting between opera 
tions; elimination of heating system 
costs; and improved working condi: 
tions by the elimination of steam) 


atmospheric conditions associa‘¢¢ 


with hot alkaline cleaning methods 


MATERIALS & METHODS 
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NO 


Coating 
No. 

No, 
N-70 452 
N-73 453 
N-89 435 
N-94 453 
N-95 454 
N-108 435 
N-109 435 
N-140 435 
N-1 4] 435 
N-146 435 
owl 47 435 
146 435 
N-149 435 
N15) 435 
— 





Refractory 
Frit Amt 
} 
Ant CroO; CeO, 
| 70 3.0 
| 70 30.0 
95 5.0 
65 35.0 
65 35.0 
65 10.0 25.0 
65 35.0 
65 10.0 | 25.0 
60 40.0 
7 25.0 
65 oo.) ao 
65 5.0 | 30.0 
65 pe Os 
65 15.0 | 20.0 
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This Month: 


e@ New coatings for reactor materials 
@ French chromizing techniques 
@ Britain looks at plastics industry 


@ Properties of Thermenol 


e Simple descaling of titanium 


Ceramic Coatings for Atomic Reactors 


found 
coethcients 
from 20 barns. 
the minimum value is de- 
3 barns was established as the 
reasonable maximum for the coatings. 


for reactors 
thermal 
ranging 
Though 
sire d, 


alloys to 


were 
neutron 


2.5 to 


have 


Optimum Coating Found 
The 


terials 


of the ma 
investigated are boron-free 
coatings of the frit-refractory type 
in which a high-barium frit is com- 
bined with ceria-chromic oxide. Boron 
in significant quantities is unaccept- 
able due to its high neutron absorp- 
tion value. 

Of the various frits tested, the best 
results were obtained with NBS frit 
i135 and its modifications. Composi- 
tion of frit 435 stated in molecular 
percentage is as follows: 


most promising 


S10 51.02 
BaO 25.51 
CaO 6.12 
ZnO $3 
BeO 10.20 
P.O; 2.04 
Total 99.99 

Average Neutron 

Absorption, barns: 0.192 
Fritting Temp, F 2600 
Sottening Point, F: 1462 


The computed average absorption 
coefficients for the various modifica- 
tions of this frit ranged between 0.15 
and 0.25 barns, indicating that the 
boron-free frits were all satisfactory 
from this standpoint. The substitu- 


tion of TiO, for SiO, increased the 
softening point and decreased the 


fritting temperature. It also increased 
the neutron absorption, but it still 
did not exceed 0.5 barns as compared 
to 3.0 barns or more for the base 
metals. 

Using these frits, the most promis- 
ing coatings contained cerium oxide 
or both cerium oxide and chromic 
oxide as the refractory component. 
The optimum ratio of frit to refractory 
was found to be 65 parts by weight 
of frit to 35 parts refractory, though 


the 


good results are reported for 95 parts 


Most of 
parts by 
used as a 


frit to 5 parts refractory. 
coatings contained 5 
weight of enameling clay 


flotation agent. 


High Temperature Testing 
Most of 


well 


the coatings that adhered 
tested to determine their 
thermal protection for 
alloys. Those shown in the 
table below seemed the most promis- 
ing. The samples were heated 
1900 F and cooled to room tempera- 
ture a number of times in a 
of irregular cycles. During the one- 
week trial, the samples were at the 
high temperature for a total of 150 
hr. None of the coatings were out- 
standing when applied to type 321 
though N-108, N-109, 


were 
value as 


Various 


to 


series 


stainless steel, 


N-146, N-149 and N-89 gave ap- 
preciable protection In addition to 


these coatings, those numbered N-94, 


N-95, N-141, N-148 and N-151 
withstood the test in good condition 
on type 309 stainless steel. Most 
of these coatings as well as N-70, 
N-73, N-140 and N-147 performed 


well on type 310 stainless. Most of 


the coatings also showed good re- 
sults when applied to Inconel. 
Metallographic examination of 


tested and untested coated specimens 
revealed that some corrosion occurred 
beneath the coating in every case in 
the extended heating tests, but the 
amount of apparent depth of ‘‘string- 
corrosion was markedly reduced 


er 
by the coating. In thermal shock 
testing all the coatings withstood 


water re to room temperature 
from 1100 and the best did not 
fail when eee) repeatedly from 
2000 F. 


*For reasons of economy, copies of the Sum- 
mary Technical Reports are not available to 
the public. However, further information may 
he obtained by writing the National Bureau of 
Standards, Washington 25, D. C. 
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ARE YOU GETTING 


TOO MANY REJECTS 
dvetoimpreoeper 
finish? 


ae 


TUMBLING 
COMPOUNDS 
ARE YOUR SOLUTION 








Finished in Lorco CAL 
and Lorco CO Compounds 


Send us your sample parts along with 
your blueprint specifications. Let us 
prove to you that LORCO Compounds 
will increase metal finish, color and 
luster while adhering to close toler- 
ance of low, micro-inch finishes. This 
may apply to even those parts you 
never before considered suitable for 
tumbling. 


We will accurately finish your parts 
and return them promptly with a de- 
tailed processing report, without 
obligation. By arrangement, one of 
our engineers will personally help 
you with any finishing problems in 
your plant. 


Write today for your copy of our 
fact-filled Catalog which includes a 
Rapid Application Index, character- 
istics and field data on all LORCO 
Compounds. Inquire also about 
LORCO TUMBLING BARRELS and 
TUMBLING MEDIA. 


LORD 


CHEMICAL CORPORATION 





2068 S. QUEEN STREET 
YORK 3, PENNSYLVANIA 


For more information, Circle No. 322 
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Chromizing meta), 
in France . . 





French Developments in Chromizing Metals 


The fields of chromizing and elec- 
trolytic chromium plating of metals 
overlap but do not coincide. Chro- 
mizing is generally most suited to 
the mass production of small and 
medium-sized parts, and less appli- 
cable to large plate and sheet. Ser- 
vice experience indicates that chro- 
mized parts are usually satisfactory 
for limited pressures such as in 
chains, but not for high pressures 
such as are encountered in drilling 
applications. 

New developments in the 
O.N.E.R.A. chromizing process are 
the subject of two articles by P. Gal- 
miche in the July issue of Revue de 
Metallurgie, this year. The process 
involves treatment in gaseous chro- 
mium fluoride at 1965 F for about 
114 hr to produce a layer about 
0.004 in. thick with a maximum chro- 
mium content at the surface of 50° 
or more. Brilliant-type coatings are 
bright at the end of the treatment 
and relatively ductile. To obtain 
such coatings, medium and high car- 
bon steels must be superficially de- 
carburized before chromizing. To 
increase the surface hardness of this 
type of coating either nitriding or 
electrolytic chromium plating may be 
employed. Hard-type chromizing, on 
the other hand, depends on the car- 
bon present in the steel being treated 
to produce a continuous layer of chro- 
mium carbide, which is very thin and 
hard. Both types of coatings have a 
high resistance to saline corrosion. 

The relatively short treatment time 
reduces grain growth to a minimum; 
but core mechanical properties are 
reduced because the chromizing treat- 


ment constitutes an anneal tor moy 
ferrous materials. To avoid thi 
special alloy steels may be used 9, 
heat-treatable steels may be hey 


treated after chromizing. Heat treat. 
ment has an added advantage as ; 
eliminates the brittle sigma phase tha 
may be present in the outer chro. 
mium-rich layers. To restore the 
original brilliance, the heat treatment 
should be followed by a brief electro. 
polishing cycle. 


Applications on Various Alloys 


Copper and copper alloys may be 
chromized if they are first coated 
with a metal capable of diffusing 
into both the copper and the chro 
mium. In practice, a thick electrolyti 
nickel plate has been found to be 
satisfactory for this purpose. Chro 
mized coatings are applied to copper 
alloys mainly to improve their acid 
resistance. 

The chromizing process may bk 
used to produce hollow unwelded 
parts. A piece of steel in the shape 
of the desired shell is chromized 
The base steel is then removed by 
submersion in nitric acid, and since 
the chromized layer is resistant to 
nitric acid, a thin membrane of high 
chromium iron remains. Such parts 
have been found useful for altimeters 
and speedometers because of the 
absence of welds and brittleness. 

Chromizing may also be combined 
with other thermal treatments, such 
as sintering. Alloys such as Hastel- 
loy B and the Nimonics may be 
simultaneously homegenized or solu: 
tion treated and chromized. The 


(Continued on page 162) 


Applications of Chromized Coatings 





Type of Protection 


Diffused Metals 


Examples of Treated Parts 





Corrosion by products of com- | Chromium, silicon, 


| 
| 


bustion and dry oxidation aluminum. 


Corrosion by nitric acid 


Chromium, silicon. 


Heat exchangers, burners, 
grates, gas-turbine parts 


Parts for nitric fuses and for 
the nitric-acid industry. 


Humid, organic and saline cor- | Chromium, silicon, zinc (im- | Bolts, dairy equipment, all 
rosion mersion coatings of tin, | parts in contact with humid 


aluminum, zinc*). 


Wear | Chromium, 


| 





| nitrogen, sulfur). 


atmosphere or sea water 


silicon (carbon, | Transmission chain, ‘ilés, 


gages, piston rings. 











* The diffusion zone serves to bond the protective metal coating. 
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CHROMALOX 
le 
solves hundreds of heating problems 


Here’s your quick, economical and easy solution for curing, drying, 
degreasing, dehydrating, baking and other heating jobs. Pre-engineered 
Chromalox Units make oven building as simple as A-B-C, generate uniformly 
absorbed far-infrared heat for a multiplicity of processing needs. Tempera- 
tures up to 700° FE are easily selected, accurately maintained. Low initial 
cost, low write-off cost, low operating cost! 


ONLY CHROMALOX 


GIVES YOU ALL THESE ADVANTAGES 








CHROMALOX 
FAR-INFRARED 
NEAR-INFRARED 


CHROMALOX 
FAR-INFRARED 





é 


s 


WORK IN PROCESS 


Heat Without Hot 
or Cold Spots 


Chromalox radiant energy goes 
to work in a uniform pattern to 
span widest conveyor. 

















@SHATTERPROOF CON- 
STRUCTION—nothing to break 
or contaminate the work in 
process. 














Color Blind 
Radiation 


longer far-infrared wave 
lengths are absorbed efficiently 
by all colors and textures. 


Em 


” o> i) oe 
4 ut SAA? 


@ NON-DIMINISHING OUT- 
PUT—with all-metal Chromalox 
tubular far-infrared generators. 





@ HIGH INTENSITY RADIA- 
TION—with top BTUs per 
square foot. 


@ QUICK HEAT-UP—with 
energy transformed instantly 
into heat on the work. 


a 














@ ADDITIONALLY SAFE-for 
any work involving volatiles. 





Low-Cost 
Oven Assembly 


Infinitely Variable 
Heat Output 


Pre-engineered Chromalox units Heat from 0 to 100% of ca- —Because of metal-sheathed, 
require minimum expense to pacity to fit the exact tempera- shock-resistant, long-lasting 
ere< 


@ MINIMUM MAINTENANCE 


into complete ovens. ture needs of the work. Chromalox tubular generators. 


CHROMALOK E2ctiic Heat 


FOR MODERN INDUSTRY 
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DATA SHEETS 


available to you on 
APPLICATIONS OF 
CHROMALOX RADIANT HEAT 


ARR A Es 


} R-1 1 1: Drying Silicon Carbide Discs 
bys 122: Drying Abrasive Cloth 





L- -1055 Melting Korite Sealing Compound 
C) R-105: Heating Asphalt to Improve Sealing of Batteries 
(C) RP-203: Drying Asphalt Tile 
AUTOMOTIVE 
C1) R-126: Drying Tractor Parts 
C) R-118: Baking Synthetic Enamel! on Gasoline Engines 
Also see; Paint Baking 
BATTERY 
(1) R-105: Heating Asphalt to improve Sealing of Batteries 
BOTTLING (see Glass) 
CERAMICS 
C) R-115: Drying a Water-Base Glaze on Ceramic Tile 
[] R-134: Preheating Dinnerware to Prevent Warping 
CL) R-137: Drying Pottery 
CHEMICALS (see Plastics) 
COMFORT HEATING 
(1) L-1077: Keep Men Warm, Keep Work on Schedule 
[) R-114: Comfort Heating for a Foundry Worker 
DEGREASING 
(J R-116: Vaporizing Oil from Sheet Metal Parts 
Also see: Paint Baking 
DRUGS (see Glass) 
ELECTRONICS 
(—- R-109: Drying Cement Base in Television Tubes 
FINISHES (see Paint Baking, Degreasing) 
see 
C1) L-1060: Skin Drying of Molds 
L-1085: Core Drying 
L-1096: Shell Molding Goes Automatic 
15: Comfort Heating for The Foundry Worker 
30: Drying Precision Plaster Molds 
35: Shell Molding 


OO000 


If 


R-1 

R-1 

) R-1 

ss 

C & R-2: Sterlizing & Preheating Bottles 

C) R-127: Heating Television Tubes to Bake 
Graphite Coating 

PAINT BAKING 

L-1064: Drying Lacquered Metal Parts 

L-1065: Improves Enamel Baking Five Ways 

L-1066: Bakes Big Parts or Smail, Fast or Slow 


mm 


CL) L-1080: Baking Paint on Radiators 

C) R-118: Baking Synthetic Enamel on Gasoline Engines 

() R-119: Baking Paint on Metal Awnings 

C) R-131: Baking Paint on Meter Parts 

C) R-138: Drying Ink and Paint on Toothpaste Tubes 
R 


PAPE 
C— R-134: Drying Glued Paper Sheeting 
PLASTICS 
L-1086: Drying Viny! Coating on Imitation Leather 
L-1091: Post-Forming Formica 
: Molding Kapok Center for Softballs 
: Drying Plastic Powders 
: Preheating Micarta Strips for Punching 
: Dehydrating Viny! Sheets 
: Drying Plastic Laminates 
: Curing Plastic Coating on Spring Clips 
: Fusing Vinyl to Chip Board 
32: Embossing Viny! 
RP-210: Heating Plexiglas for Vacuum Forming 
RP-202: Heating Thermoplastic for Vacuum Forming 
PRINTING 
— L-1090: Silk Screen Process Drying 
R-103: Static Removal 
R-107: Drying Ink on a Miehle Vertical Press 
R-108: Ink Drying on 8-Unit Web-Fed Offset Press 
R-110: Eliminating “Offset” on Duplicating Machines 
R-124: Drying Ink on a Goss Press 
CL) R-136: Silk Screen Process Drying 
REFRIGERATION 
C2 L-1055: Dehydrating Refrigerator Coils 
RESTAURANT 
D Far-infrared Food Warmer 
RUBBER 
(- L-1056: Curing Latex Foam Sponge Rubber 
C) R-125: Cementing Crepe Rubber to Wooden Soles 
TEXTILES 
C2 L-1068: Fusing Vinyl to Cloth Work Gloves 
(- R-112: Dehydrating Braiding Material 


0 


JOOOOOL! 


EDWIN L. WIEGAND CO., Radiant Heating Div. 

7523 Thomas Bivd., Pittsburgh 8, Pa. 

(_] Send me application reports | have checked. 

[_] Have a Chromalox Application Engineer get 
in touch with me. 


Name 





ae = 


Street 





_ Zone 


as em (1-9 


» For mor einformation, turn to Reader Service Card, Circle No. 389 
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Trim it down to “fighting weight” 
with stampings by GEOMETRIC 


The cost of your product is largely determined on the 
































drawing board. Whenever you use castings or forgings as 











component parts, where stampings would do as well, you 








increase the weight and cost of your product unnecessarily. 








Many progressive manufacturers have cut the 








cost of component parts up to 75% by convert- 








ing from castings to stampings. Savings of 50% 








are common. 














Geometric Engineers, trained in the analysis of all kinds of 








stamping problems, are glad to show you how your product, 








or parts of it, can be made better, lighter and at much 








lower cost in our modern high-production stamping plant. 














Write today for free booklet — “Geometric Craftsmanship” 


























GEOMETRIC 


A Subsidiary of 


STAMPING CO. 


Barium Steel Corp. 














1145 E. 200th Street Cleveland 17, Ohio 




















For more information, turn to Reader Service Card, Circle No. 329 
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chromized layer then protect 
alloy from intergranula: 
and scaling so full advanta 
taken of its high creep an 
strengths. 

It is also pointed out 
chromized layers are diffused 
the base metal, they are inse: 
thermal shock. Frictional] Proper 
of the coating are now being st 
and the author finds t] 
O.N.E.R.A. method has certain , 
vantages over the German BDS ch; 
mizing process in respect to surf 
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brilliance, cost and treatment tim, 


A British View of the 
World Plastics Industry 


When the word plastics 
peared in technological and scienti! 
circles in the mid-twentie: 
science of chemical synthesis was 
its infancy. Synthetic products 
generally viewed with doubt, as su! 
stitutes which should be used on 
when the real thing was not availabl 
However, the chemists’ pioneerin 
in the field persevered, and finall, 
during the years prior to World Wa 
II, these materials were first giver 
their chance to establish themselve: 
as specialist materials of constr 


In the ensuing war years plasti 
proved themselves as materials 
their own right and opened the doo: 
to their acceptance as basic enginee! 
ing materials. 

This view of plastics in retrospect 
was stated by Dr. V. E. Yarsley 
President of the Plastics Institute 
(British), at the 1954 Annual Gen 
eral Mecting of that society. A sum 
mation of his review of the world 
plastics industry was published in the 
August issue of Plastics (British) 
Dr. Yarsley went on to point out that 
use of plastics in industry, as apart 
from domestic uses, has developed 
the conception of judicious engineer: 
ing in design and material selection, 
a quality which was not always 
characterized by the manufacturers 0! 
consumer items. The development 
of this concept was aided by the co 
operation between industry and th 
government in developing specialize’ 
materials to meet specific militar) 
needs. This specialized developmen 
has given impetus to the genera 
development of plastics, and end 
product design has progresse '0 
(Continued on page 166) 


For more information, Circle No. 494 ? 
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| GUARDING THE QUALITY 


NOVEMBER, 1954 


OF YOUR 
ZINC DIE CASTINGS 


LICENSEES under the CZ ALLOY PLAN 


A & A Die Casting Co., West Los Angeles, Calif. 
The Accurate Die Casting Co., Cleveland, Ohio 

Advance Pressure Castings, Inc., Brooklyn, N. Y. 

Advance Tool & Die Casting Company, Milwaukee, Wis. 

Alloy Die Castings Co., Los Angeles, California 

Anderson Die Casting & Engineering Corp., Los Angeles, Calif. 
Badger Die Casting Corp., Milwaukee, Wis. 

Central Die Casting & Mfg. Co., Inc., Chicago, Ill. 

Cleveland Hardware & Forging Co., Cleveland, Ohio 

Congress Drives Division, Tann Corp., Detroit, Mich. 

Continental Die Casting Corp., Division of F. L. Jacobs Co., Detroit, Mich. 
Doehler-Jarvis Division, National Lead Company, Grand Rapids, Mich. 
Doehler-Jarvis Division, National Lead Company, Pottstown, Pa. 
Doehler-Jarvis Division, National Lead Company, Toledo, Ohio 
Dollin Corporation, Irvington, N. J. 

Du-Wel Metal Products, Inc., Bangor, Mich. 

Federal Die Casting Company, Chicago, Ill. 

Globe Imperial Corporation, Rockford, Ill. 

C. M. Grey Mfg. Co., East Orange, N. J. 

Gries Reproducer Corp., New Rochelle, N. Y. 

Harvill Corporation, Los Angeles, Calif. 

Heick Die Casting Corp., Chicago, Ill. 

Hilfinger Corporation, Toledo, Ohio 

The Hoover Company, North Canton, Ohio 

Kiowa Corporation, Marshalltown, lowa 

Paul Krone Die Casting Co., Chicago, Ill. 

Madison-Kipp Corporation, Madison, Wis. 

Milwaukee Die Casting Company, Milwaukee, Wis. 

Monarch Aluminum Mfg. Co., Cleveland, Ohio 

Mt. Vernon Die Casting Corp., Stamford, Conn. 

Paragon Die Casting Company, Chicago, Ill. 

Parker White Metal Co., Erie, Pa. 

Precision Castings Company, Inc., Fayetteville, N. Y. 

Precision Castings Company, Inc., Cleveland, Ohio 

Precision Castings Corp., Chicago, Ill. 

Pressure Castings, Inc., Cleveland, Ohio 

Racine Die Castings Co., Racine, Wis. 

St. Louis Die Casting Corporation, St. Louis, Mo. 

Schultz Die Casting Company, Toledo, Ohio 

Springfield Die Casting Co., Kenilworth, N. J. 

Stemac, Inc., Denver, Col. 

Sterling Die Casting Co., Inc., Brooklyn, N. Y. 

Stewart Die Casting Division of Stewart-Warner Corp., Bridgeport, Conn. 
Stewart Die Casting Division of Stewart-Warner Corp., Chicago, III. 
Stroh Die Moulded Casting Co., Milwaukee, Wis. 

The Superior Die Casting Company, Cleveland, Ohio 

The Tool-Die Engineering Co., Cleveland, Ohio 

Twin City Die Castings Company, Minneapolis, Minn. 

Union Die Casting Co., Ltd., Whittier, Calif. 

Universal Die Casting Company, Los Angeles, Calif. 

Western Die Casting Company, Emeryville, Calif. 

Withrow Die Casting Co., Burbank, Calif. 








At no extra cost, you enlist the services 
of an extra guardian when you have your 
die castings made by one of the listed die 
casters, licensed CZ producers. 


Under the Certified Zinc Alloy Plan, 
your die castings are subject to periodic, 
searching scientific scrutiny to make cer- 
tain that they are on grade, that the alloy 
meets the specifications you set. 


CZ stands guard on your every job to 
make sure that each and every one of 
your die castings is of a consistently 
superior quality. 

For full details of the CZ Plan, write 
today without obligation. 





AMERICAN DIE CASTING INSTITUTE, INC. 


NEW YORE 17, N. Y. 


366 MADISON AVENUE 





, For more information, turn to Reader Service Card, Circle No. 483 














this new WGarelianre No. 6 “TYPE C”’ 


FORGING HAMMER 


just look at these features 
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1836 


@ Outboard Ram Guide, which allows both open 
and closed die forging and insures positive die 


mating . . . Anvil is mated to base for exact 
register. 


Die capacity is exceptionally large. Upper die 
shown is 14” by 40” by 7”. 


Hydraulic Power Control . . . gives ‘feather 
touch"’ treadle or hand control changeable or 
removable for convenience. 


Light to heavy blow at touch of Control to suit 
job. Coining, planishing or forging. 


Direct Power Drive, with pinion running in oil 
for longer life. 


Modern Lubrication to all moving parts. 
Completely self-contained! 


This new NAZEL No. 6 ‘‘Type-C"’ is a floating 
ram hammer at its best . . . designed for con- 
tinuous production, proper forging ratio 

and, it is economical! 


Further details are yours upon request. 


LOBDELL UNITED COMPANY 


WILMINGTON 99, DELAWARE 1954 


A SUBSIDIARY OF UNITED ENGINEERING AND FOUNDRY COMPANY 


For more information, turn to Reader Service Card, Circle No. 461 
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A Glance at World Production 
Statistics 

Though he points ut th 
of plastics production 
dependable for the pre-wat 
Yarsley states some figures 
order to put the plastics in 
its proper perspective Cell 
pioneer of plastics materials 
had attained a world prod 
30,000 tons, and by 1937 pla 
duction in the U. S. was 
95,000 tons: in Germany 
65,000 tons: and in the United 
dom, around 27,500 tons 

The war years of 1939-1945 
pletely altered the appearance of ¢! 
production charts with the 
ment of new materials such 
ethylene, production of wl 
1945 had increased 19 ti 
volume produced in 1940 
months have shown evidenc 
re-entry of Japan and Germany 
the world plastics production 
recent Overseas Economic Sur 
gives the value of manufactured plas 
tics exported from Japan in 195] 
$3,133,285, and West German p 
duction rose from 48,000 tons 
1948 to 225,000 tons in 1953. TI 
figure is in comparison with 18 
tons for the U. K., and if 
indicates that Germany ranks 
only to the U. S. in world prod 


of plast ICS. 


The Economic Picture 

In assessing the financial st 
of plastics, Dr. Yarsley emphas 
that plastics are a part of the chemica 
industry. The demand of raw 
terials for plastics, such as the styrene 
monomer for synthetic rubber, has 
catalyzed the growth of such indus 
tries as the petrochemical. And these 
in turn have provided invaluable 
sources of the basic materials fot 
plastics. 

In attempting to evaluate the mont: 
tary worth of the plastics industry t 
the individual countries, Dr. Yarsley 
quotes figures from the U. S. Tatil 
Commission. U. S. production ol 
plastics in 1947 was 1.3 billion lb, 
valued at $450 million; in 1951 ! 
was 2.4 billion Ib, valued at $700 
million; and in 1952 it was 2.3 bil- 
lion Ib, valued at $750 million. 
Coordinating these figures with othess 
for the chemical industry, Dr. Y rsley 
concludes that plastics should accoutt 
for roughly 10% by weight of U.° 


MATERIALS & METHOD 
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duction M™meet steel being fed into an 850- 
| press, beyond operator, where it 

voes Initial blanking and form- 
a. Additional forming, plus trim- 

tanding Hing, are done in a return pass, at 
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being fed into press for initial blank 

ing, is further formed and trimmed 
rh pass into the finished floor plate, 
wn on the slide near foot of picture. 
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finished product, an 1134-in. square, 
with numerous lugs on the top and 
sides for gripping the conerete. 
The die, made of Lehigh H tool 
steel, is providing long production 


runs because ot its rood resistance TO 
wear and shock. Redressing is seldom 
required. 

Lehigh H is a high-earbon, high 
chromium, air-hardening tool steel, 
well known for its easy machinability 
and easy heat-treatment. It’s a deep- 
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Distortion of tool steel in heat-treat- 
ment is a phase of toolmaking which 
is often misunderstood. And some of 
the available distortion-test data adds 
to the confusion. 

Typical of the misleading distor- 
tion tests are those on bar stock, about 
34 in. round and 1 in. long. The re- 
sults are reported as the change in 
leneth occurring in the hardening 
heat-treatment, and certainly do tell 
what happens when steel of that size 
is hardened. But how to use this data 
to predict size changes of tools of 
other sizes? There’s the rub! 

The test described implies that the 
distortion figure for the 1-in. piece 
can be applied elsewhere—for ex- 


opics 








hardening steel, too, with high com- 
pressive strength. 

TYPICAL ANALYSIS 
Molybdenum 0.80 
Vanadium 0.40 


(‘arbon 1.55 
Chromium 11.50 


Like to prove to yourself how -Le- 
high H Tool Steel wears ...and wears 

and wears? Call your tool steel 
distributor, or write a line direct to 
us at Bethlehem, Pa. 








\ RBETHLEHEM TOOL STEEL ENGINEER SAYS: 
| Use Distortion Tests With Care 


ample, that a 5-in. piece changes 5 
times as much, and a 10-in. piece 10 
times as much. Not so! Depending on 
the size and shape of the pieces being 
hardened, expansion or contraction 
may occur, but the factor cannot be 
used to predict which. Therefore the 
data obtained on the test piece is of 
limited value, as it applies only to 
the hardening of tools of the size and 
shape of the test piece itself. There is 
no such thing as a single test speci- 
men which predicts size changes in 
tools of various sizes and shapes. 

If you would like additional in- 
formation on distortion, write for a 
copy of our article, *‘ Distortion of 
Tool Steels in Heat-Treatment,’’ 












to SAFETY 
_.. at SUPERSONIC speed 


with the help of 
PRECISION 
INVESTMENT CASTINGS 


And at sound-barrier speeds, a revolutionary bailout 


technique had to be found. 


So engineers at Stanley Aviation Corp., Buffalo, N.Y., 


developed an ejection seat that catapults downward from 


a plane and a lap belt that automatically opens, frees 


the airman from the seat, and sequences parachute opening. 


The cost of this priceless protection? Slashed to a minimum 


through the use of HITCHINER Precision Investment Castings. 


By combining several small parts into one. . 


. building 


complex shapes without added machining . . . using beryl- 


lium copper and stainless steel, HITCHINER achieved lower 


total production costs plus lighter weight with extra strength 


— economies and design achievements not possible with 


©) other production methods. 


For a new approach — the logical solution to your small 
parts problems — consult HITCHINER. Send us your drawings. 
Mail the coupon for informative FREE booklet. 








HITCHINER | 


Manufacturing Co., Inc. 


MILFORD, 
NEW HAMPSHIRE 


Representativesin 
principal cities. 








PSR SATS SARS See we ee 


HITCHINER MFG. CO., INC. 
MILFORD 3, NEW HAMPSHIRE 


[] Send me your FREE booklet, ‘investment For Economy 
. . . For Performance.” 


-( Have your representative call. 


MY NAME 
POSITION 
CO. NAME 
CO. ADDRESS 
CITY ZONE STATE 
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Contents Noted 


Plastics | 
Thermenol. 


organic chemical production. ‘7p, 
most reliable British figures indicat. 
that plastics make up about 209 
the total chemicals exported fron 
that country. The doctor cautions 
however, that these statistics were 
gathered from a number of source 
and are used only to indicate prima. 
ily the importance of the plastics jp. 
dustry to the national economies, and 
also the trends in plastics develop. 
ment. 


What's Ahead? 

Plastics are already a significant 
part of the giant chemical industries 
of the world, and according to Dr 
Yarsley, will assume ever-increasing 
importance in the over-all industrial 
and economic structure. In the U, $. 
polyethylene is said to be the first 
plastic whose production volume 
alone topped the million-ton-per- 
month mark. As for PVC, and its 
copolymers, they early hit the high 
peak in the U. S., but for long te. 
mained “the inferiority complex of 
plastics” in Britain. However, the 
recently opened Bakelite plant there 
has now brought production in the 
U. K. to around 40,000 tons per 
year. British polystyrene production 
capacity is said to be around 18,000 
tons per year, in spite of monomer 
difficulty. 

As to the question of new plasti 
materials in the future, Dr. Yarsle 
states that though it is certainly pos 
sible to develop new basic resins 
their properties would probably not 
be greatly different from those alread 
developed. He seems to feel, as ¢ 
many others in the industry, that the 
efforts of chemists, physicists and 
engineers should be concentrated not 
on developing new basic resins, but 
rather on finding practical uses for 


the profusion of resins already avail- 
able. 


Properties of High Temper- 
ature lron-Aluminum Alloy 


Thermenol, a nonstrategic iron- 
base alloy containg 16% aluminum 
and 3.3% molybdenum has _ been 
developed by the U. S. Naval Ord: 
nance Laboratory as an oxidation 1 
sistant alloy that might be suitable for 
use at elevated temperatures in the 
range of 1100-1200 F. The accom: 
panying tables show values for stress 
rupture and tensile strength gathere¢ 
during preliminary investigation by 
the NACA Lewis Flight Propu'sio 


of 


MATERIALS & METHODS 
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‘arsley 


S904 General’s design and development engi- designed molding and extruding machinery, 
“aa neers translate your problems into finished and a full-scale quality control safeguard at 
read) products in modern, completely equipped every phase of manufacture. 

= the plants... the whole job—from the drawing Why not lookinto our successful record on 
am board to the final shipment—is handled as motion control products, extrusions, mold- 
- ~ a package assignment. This service in- ings, stampings and special units? For fur- 
_ cludes tool and die-making facilities, self- ther information fill out the coupon below. 


per- 


0) * From Ploms to Products wm Plastics and Rubber” 














iron- 
minum MONARO ee Pee eee { 
been e General Tire & Rubber Company | 
d- ; strial Products Division | 
Or 
on re: Wabash, Indiana 
sle for [-] Complete products and services (Form 4252) | 
in the [_] Vibration products (4240) [_| Moldings and Extrusions | 
a [_] Have your representative contact us 

stress- 
thered Name Company | 
on by 
ulsion OS eS EEE State — | 


For more information, turn to Reader Service Card, Circle No. 340 
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IT’S TOUGHER * MORE DUCTILE ° 
SMOOTHER * MORE ECONOMICAL 
| TO FABRICATE 


Tpg6ng02 hf 
GYPESGZIGDZESS IS TOUGHER... Avon's own exclu- 


sive high frequency resistance welding method produces an entirely 
new uniformity of grain structure in the welded and adjacent wall 
area by means of an advanced type of electronic control. This 
exclusive process combined with our improved cold drawing of 
larger size tubing into smaller diameters is responsible for the 
extremely smooth surface finish, closer diameter tolerances and new 
ease of fabricating. 





_ = hf 
LGGPGGGOCY FESO WAS A PERFECTED SINGLE WALL 
CONSTRUCTION .. . Avon is able to offer thin wall tubing as a 
highly impressive substitute for costlier tubing—both ferrous and 
non-ferrous—because of its hi-cycle method of controlled welding. 
This tubing is available in three tempers— ‘as welded,” “as drawn” 
and annealed to insure the last word in adaptability to varied 
tubing uses. It is more economically fabricated—takes tougher 
bends, beads, flares, etc.— withstands pressures up to 18,000 PSI— 
has no equal in resisting the severest types of fatigue from vibration. 


A GGPGFZZIG FESS A'S EASIER TO FABRICATE 


Avon's exclusive tube making process has proved itself, matching 
the most difficult forming operations, with a higher degree of 
ductility and tensile strength to insure new 
fabricating ease, lower scrap loss, greater 

performance reliability. Today our mills are 

successfully producing over 7 2 million feet 
per month for hundreds of important 
tubing applications. Our sales engineer- 
ing staff will gladly assist you... or send 

us your blue prints for tube quotations. 
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Lab in cooperation with the N 
Ordnance Lab. This data y 
lished as a Research Memora 

the National Advisory Com 
Aeronautics in August of 

The properties of AISI 310 

are given for purposes of 


son 


Room Temperature Ultimate 
Strength of Thermenol Compared 
with AISI] 310 and 321 
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HIGBIE MA TORING CO. 


ROCHESTER MICHIGAN 
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Alloy Stress, psi Elong, % | 
Thermencl Avg 62,059 Avg 3 
AIS! 310 92,000 17 
AIS! 321 % ;000 
, , > Py ‘ 1. 


High Temperature Stress-Rupture 
Strength of Thermenol 





Rupture Stress, 1000 p; 


at 1100 F ct 1200 F 





Time, hr 100 | 1000, 100 1000 
| 

Thermenol 35.5 | 23 
AISI 310 31.5 | 25.0 | 19 | 
AISI 321 40.0 | 26.0 | 26 7.5] 








Molding and Extrusion of 
Flexible Plastics 


The term flexible plastics 1s coinc¢ 
here to mean plasticized compounds 
of polyvinyl chloride and its copol\ 
mers, and polyethylene. These ma 
terials and particularly the PVC con 
pounds are of vital interest to th 
rubber industry since they are com: 
petitive in many applications. In 3 
paper delivered before the Annua' 
Conference of the Society of the Plas 
tics Industry in June of this year 
Frank A. Martin of the Hoover Co 
discussed some aspects of compoun¢ 
ing, molding and extruding these ma 
terials. 


PVC Compounding and Forming 


Before PVC resins can be usec [0! 
either molding or extrusion they mus 


MATERIALS & METHOD? 










































































CERERRCEKECCCCECCCCCCCCCC( How to make duplicate 





stainless steel parts economically 


Make them out of ENDURO Stainless Steel Cold Drawn 
Bars. Then you get high production rates from your auto- 








00 F matics, plus all the high physical and chemical properties 

you want from stainless steel. 
100¢ Here’s how one manufacturer does it: Edward Valves, Inc., 
East Chicago, Ind., makes a new MUDWONDER Valve 
used in the oil fields. It must have high resistance to corrosion and long life. 
Valve stems are made of ENDURO Cold Drawn Types 410 and 416. 
And Edward methods engineers say they get good production for 

7.5] these reasons: 
— 


1. High speeds and feeds can be used 
2. Surface finish is excellent 
3. Tool life is longer, down-time for re-grinding is less 


if 


You can have these same advantages in your stainless steel parts, by 
specifying ENDURO Cold Drawn Bars. And Republic metallurgists will 
be glad to help you choose the right grades for best production on 





oined your present machines. Write to: 

ounds 
pol} REPUBLIC STEEL CORPORATION 
e ma Alloy Steel Division + Massillon, Ohio 
con GENERAL OFFICES * CLEVELAND 1, OHIO 

o the Export Department: Chrysler Building, New York 17, N. Y. 
com- 

In 
nual rn 
. Plas : ff 
year. | . Z 2 REPUBLIC 
é REPU BUG SIU 
ound B 
se ma 

FRE E- 





ning 





C4 ror 
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Other Republic Products include Carbon and Alloy Steels — Titanium — Pipe, Sheets, Strip, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 


» For more information, turn to Reader Service Card, Circle No. 345 


4 ODS NOVEMBER, 1954 171 














J 


Teomend Saves Manufacturer 
$4.12 Per Thousand Pieces 
On This Part 


A Midwest appliance manufacturer 
has improved his line of electric sweep- 
ers and at the same time reduced unit 
costs by having this part made by the 
Townsend method. Before a Town- 
send engineer suggested this change, 
the part was machined from bar stock. 
The process was slow and consider- 
able metal was wasted as scrap with 
the result that it cost $4.12 per thou- 
sand pieces more than this Townsend 
cold-formed part. 

Cold-forming is a fast, accurate 
method of mass producing quality 
parts and fasteners. Its economy 
stems from the combination of speed 
and elimination of wasted metal. The 
extra quality comes from the increased 
strength gained by cold forging and 
the fact that Townsend draws its own 
wire to assure close size accuracy and 
excellent surface finish. 

The versatility of the Townsend 
method also gives you design advan- 


tages that permit eccentric shapes, 
wings and offsets to be formed when 
the piece is upset or extruded. It may 
then be drilled, flattened, slotted, 
knurled, threaded, pointed, punched, 
bent, trimmed or machined. 

Townsend makes parts and fasten- 
ers in carbon, alloy and stainless steels 
—in brass, bronze, copper, and alumi- 
num—in a variety of platings and 
finishes. 

As ‘‘The Fastening Authority,’’ 
Townsend is known in all industry as 
a dependable source of quality fast- 
eners and parts. It has the capacity 
to produce 60-million pieces daily — 
makes more than 10,000 standard and 
special items which are used to fasten 
metal, plastics, wood, fabrics and glass 
together quickly, economically, per- 
manently. To learn more about the 
economy of the Townsend method, 
write for Bulletin TL-89 or use the 
coupon below. 


THE FASTENING AUTHORITY 


ownsend 


COMPANY + ESTABLISHED 1816 


Sales Offices in Principal Cities 


In Canada: Parmenter & Bulloch Manufacturing Company, Ltd., Gananoque, Ontario 


TOWNSEND COMPANY 
Sales Department Name 


ibe compounded with other 





New Brighton, Pa. 
Company 
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Flexibie 
plastic 


ACT ais 
such as plasticizers, stabilize: filler 
and lubricants. The resulti: i 
pound may be either in granula, 
powder form. PVC compo ids ar 
usually molded by the injection proc 
ess. Good moldings can be obtaine; 
using either the granular or dry-blen, 
compounds. There are two basi 
factors that must be kept in ming 
when molding the material: first, th. 
heating cylinder temperatures neces. 
sary for plasticizing vinyl compounds 
approach the decomposition tempera. 
tures; second, PVC compounds haye 
a lower heat transfer coefficient than 
most other thermoplastics. The basic 
problem, then, is getting sufficient 
heat into the material to render jt 
moldable without overheating to the 
point where decomposition sets in, 
| Heating chamber temperatures usually 
irange from 350 to 375 F. Further. 
| more the judicious selection of nozzle 
and gate sizes enables the molcer to 
| efficiently utilize frictional heat 
\In gaining consistent temperatures 
throughout the material. 


| Industry has found that the use of 


| the screw type extruder offers several 

advantages in plasticizing flexible 
vinyl compounds. It results in a more 
thorough, uniform plasticizing action 
producing better surface finish and 
| gloss; plasticization occurs at a lower 
|machine temperature as a result of 
| the frictional heat, which means less 
'danger of material decomposition; 
and it greatly increases plasticizing 
capacity resulting in more cycles per 
hour. 

According to the author, the ar 
of extruding flexible PVC is much 
more highly developed than is the 
molding operation. Here again, the 
compounds may be either in granular 
or powder form. The lower heat 
transfer rate of the dry blends in 
comparison to granular compounds 
affects the extrusion conditions te 
quired. With a granular feed, the 
extruder zone temperatures will gen- 
erally run from 300 F at the feed 
end to 350 F at the end of the screw 
with 350 to 360 F die temperatures. 
Dry blends require somewhat higher 
barrel temperatures in the range 0! 
400 F. 


The ease with which flexible PVC 
compounds may be extruded without 
subsequent vulcanization as is neces: 
sary with rubber makes it a formid- 
able competitor in applications wher 








Please send without obliga- 
tion “Special Cold-Formed Street 





Fasteners and Small Parts” 


Bulletin TL-89. City 








the vinyl properties permit it to be 


‘used. Flexible PVC is now being 


For more information, Circle No. 333 


MATERIALS & METHODS 
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Pressure Cartridge in a 
Fire Extinguisher 
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| abetter product at less cost can be yours when you recognize 


the advantages of using GLOBE steel tubes! 


ODAY, with cost conscious buyers demanding 

more for their money, it’s your responsibility to 
develop new and better manufacturing methods. 
There may be parts of your equipment now forged, 
cast or machined which can be made better from 
Globe tubing. Result . . . elimination of costly ma- 
chining operations, and a part that is made better, 
faster, and at lower cost. 


Why not investigate the possible use of Globe tubing 
in your product? Globe’s ‘‘one-source”’ supply offers 
seamless carbon, alloy, and stainless tubing in a com- 
plete range of sizes and analyses. Globe metallurgists 
and engineers are available to assist in the proper 
selection of tubing for your particular job. Write for 
the Globe General Catalog. 
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Rollers for Roller Chain 


For more information, turn to Reader Service Card, Circle No. 314 


Producers of Globe 
seamless stainless 
steel tubes — Glo- 
weld welded stain- 
less steel tubes — 
alloy — carbon — 


seamless steel tubes 


GLOBE 


STEEL TUBES CO. 


Milwaukee 46, Wisconsin 


—Globeiron (high- 
purity ingot iron) 
seamless tubes — 
Globe Welding 
Fittings 


Chicago * Cleveland * Denve 
Detroit * Houston * Los Angele 
New York * Philadelphia 
Son Francisco 


St. Louis 
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No material has everyth ne. but 


ADD UP 
ALL YOU GET 


with DUREZ PHENOLICS 


(A WELL-KNOWN EXAMPLE) 





If your experience 
is like that of others 
in many fields of in- 
dustry, you will find 
this on inquiring in- 
to Durez Phenolics: 

They offer the many properties available 
in alternate materials, and generally . 
plus factor that’s especially desirable for th 
application in hand. 

Thus in the adding machine case: 
dimensional stability for accurate fit, 
light weight for user convenience, 
comes from the press ready for assem- 
bly—and then the p/us, a sound-deaden- 


ing effect inherent in the raw material. 

Constantly improved by Durez re- 
search, the phenolics are perhaps more 
than ever the hard-wear’’ plastics. The 
range from glass-fiber-filled to rubber- 
filled compounds, and with their valu- 
able chemical and electrical properties, 
they invite profitable investigation for 
hundreds of applications. 

We'll gladly bring to your problem 
our experience of 33 years as specialists 
in the phenolics. Ask, too, for our illus- 
trated monthly ‘Plastics News.’ Durez 
Plastics & Chemicals, Inc., 1411 Walck 
Road, North Tonawanda, New York. 


PHENOLIC 
PLASTICS 


for the new 


Competitive Era 


MOLDING COMPOUNDS. Srructur 
al, electrical, and chemical prop 
erties in Many ComDinations 


RESINS FORINDUSTRY. Bonding 


Casting, Coating, laminating, im 
pregnating, and shell molding 


For more information, turn to Reader Service Card, Circle No. 373 
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Plastic 
Titanium ,. 


used in such applications 
hose, wire coating, refrigerat 
gaskets and channel strips 
sashes [he tubing 1S being 
laboratory tubing, bee r tubing 


tubing and aircraft wiring d 


Polyethylene Forming and 
Applications 


Although polyethylene may be con 
strued to be a flexible plastic it is no 
so directly competitive with rubbe: 
[It is easy to mold by the injectio; 
process and does not readily decom 
pose at proc essing temperatures 
Perhaps the biggest problem in mold. 
ing polyethylene is control of 
shrinkage. Shrinkage may be varied 
widely by control of material and 
temperatures and of injection pres- 

re. 

Polyethylene has high dielectric 
Dp opertic S. good aging and low water 
ibsorption; it is odorless, tasteless. 
light weight, unbreakable and is 
resistant to chemicals. One large ap- 
nlication for molded polyethylene 
has been in housewares such as bowls, 
refrigerator dishes and other kitchen 
utensils. It is being used for piping, 
wire covering and blown film. The 
latter has found wide usage in the 
pac kaging industry since it is a good 
moisture barrier and can be readil 
heat-sealed. A further extension 
use of the material may come abi 
through the use of irradiated materia 
Such exposure brings about a mol 
lar cross-linking which in effect 
canizes’ the material and raises 
softening temperature to 330 t 
F or higher. 


Simple Pickle Descales 
Titanium 


The development of a pre-treat 
ment consisting of certain carbonate 
combined with certain nitrates prom 
ises to allow the descaling of titanium 
by a simple pickling operation. Dur- 
ing heat treatment, titanium and its 
alloys form oxide scales which var) 
in composition with the temperature 
of treatment. As the temperatur 
increases, the tenacity of the oxid¢ 
scale increases. With heat treating 
temperatures of less than 1000 F. 
the resulting scale can be pickled oft 
Today, however, temperatures in the 
range of 1100 to 1400 F are common, 


MATERIALS & METHODS 
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The variety of Cold-Formed Shapes 
you see above are only a few of the 
great diversity of shapes Bethlehem 
can turn out. In each case, the 
shapes above represent savings in 
time and money to customers, who 
used them in an equally varied 
number of end-products. 


Savings for You 


if you are already using Cold- 
‘ormed Shapes or have an idea for 
‘new shape, our experienced sales 
ngineers can often suggest modi- 
ations to permit more economi- 
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Which One of These Cold-Formed Shapes 


Could You Use? 


cal production. Because of Bethle- 
hem’s complete facilities, there is 
no need for large inventory at your 
plant—we can make and ship your 
product as you need it. 

No need to tie up labor and lose 
time in cutting and bending, either. 
Bethlehem Cold-Formed Shapes 
are supplied to exact dimensions, 
and there’s no problem of scrap 
disposal. 

For large or recurring runs, it 
will be to your advantage to have 
special rolls made in our machine 
shop. Or we may already have 


For more information, turn to Reader Service Card, Circle No. 387 


rolls in stock to suit your needs, 

Tell us about the Cold-Formed 
Shape you have in mind. Write to 
us at the nearest Bethlehem sales 
office. Our representative will be 
glad to call on you. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold 
by Bethlehem Pacific Coast Steel Corporation 
Bethlehem 


Export Distributor: Steel Export 


Corporation 
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Available Now!! 


Reprints of 


MATERIALS & METHODS 
MANUALS 


Because of the great demand for the well-known Manuals that are 
being widely used for reference purposes, we have reprinted the 
following MATERIALS & METHODS Manuals for your use. These 
outstanding 16- to 32-page articles provide you with complete and 
useful information on the properties, characteristics and uses of 
engineering materials, parts and finishes. 


The price is right! Only 25¢ for each reprint. On orders of 100 or 
more, an even greater saving is offered—20¢ apiece. To obtain your 
copies, indicate in the handy coupon below the Manuals you want. 
Orders will be filled as long as the supply lasts. 


SSSSSEEESEEERSREEEEERESEESES 

Would you prefer receiving these valuable Manual reprints auto- 
matically each month in the future? If you are a subscriber to 
MATERIALS & METHODS, then avail yourself of a new service 
just instituted by our Reader Service Department. Let us add your 
name to our mailing list, and you will receive the next 12 Manual 
reprints, one each month, for the same reasonable price of $3.00 
per year. Just fill in the coupon below and mail it to: 


Reader Service Department 
MATERIALS & METHODS 
430 Park Avenue 
New York 22, New York 


VY Quantity 


.« «Wood and Wood-Base Materials 

.. Surface Hardening of Steels and Irons 

.. Selecting Metal Cleaning Methods 
Engineering Coppers 
.Annual Review and Forecast 
High-Strength, Low-Alloy Steels 


VY Quantity 


.. Wrought Phosphor Bronzes 
Salt Baths for Metal Treating 

...Plastics as Alternate Materials 

..Brazing & Soldering Materials 
...Carbon & Graphite Materials & Parts 
... Titanium and its Alloys 

.Electroplated Coatings on Light Metals .. Sandwich Materials 
...Tool Steels ...Materials for High Temperature Service 
....Carbon and Low Alloy Steel Castings ...How to Reduce Costs Through Materials 
....Carburizing of Steels Selection 
....Welded and Brazed Parts ....Rigid Polyvinyl Chloride Plastics 
...Aluminum Bronze ..Mechanical Properties & Tests of 
....Glass-Reinforced Plastics Engineering Materials 

..Malleable lron Castings ..How Nuclear Radiation Affects Enaineer- 
sas mpg Materials ing Materials 
....Welding the Stainless Steels ...Close Tolerance Castings 
....Rubber Parts ..Age Hardening of Metals 

.. Protective Coatings for Metals Adhesive Bonding 


FORO ccccccccccccseersceococvceerpesesecesecess Pere ye erereers 
PEPER EET  OTUETE TUTTLE LT eee eee CCE 
BOSE ccc cece cre cree cess eer eer eres ee eres eeseereeeseeeeeeescreeeeeeces 
 PPPPPerTrerrTrreecererererereeerescereeeerereererrey BONED cccccveccesecese 


[J Yes, I am a subscriber to MATERIALS & METHODS and would 
like to be put on your mailing list to receive each future Manual, 
when reprinted. Please start it with the..................4. issue. 
Upon receipt of your invoice, I will pay $3.00 for a year’s supply. 
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Plastics 


Contents noted 


Titanium 


and after treatment in this temper, 
ture range, the tenacity of the g¢qj 
is such that the tendency is for th, 
titanium to dissolve out from unde, 
the scale. 


New Process Developed 


The new process, described } 
Bryce Chambers, Process Engineer 
Boeing Airplane Co., involves the 
application of a crystalline pre-treat. 
ment which chemically converts the 
scale built up during heat treatment 
to a form which can be convenient 
removed by pickling without excessive 
damage to the parent metal. It was 
found after investigation that certain 
carbonates combine with some nitrates 
to furnish an effective treatment. The 
nitrates are believed to oxidize the 
scale oxides into higher oxides or 
ones of different crystalline structure 
The carbonates are believed to con 
vert the normal or converted oxides 
into titanates. The resulting scak 
adheres so loosely that a portion of 
it usually cracks off upon cooling 
The remainder can be pickled off in 
a single modified nitric-hydrofluoric 
acid pickle solution. 

Descaling can usually be accom. 
plished in less than ten minutes 
Some discoloration is encountered in 
the form of a slight cloudiness in 
spots, but it should not be detrimenta! 
unless a highly lustrous surface is 
required. The finished surface is 
weldable and no intergranular cor 
rosion occurs. 





MATERIALS & METHODS 
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HIGH STRENGTH ALUMINUM ALLOYS ae 
These aluminum thick bottom cans were formerly forging can be added the superior physical prop- 
machined from bar stock at great cost—now impact erties resulting from this mass production technique 
forged by Hunter Douglas to final print in one perfected by Hunter Douglas. Increased fatigue 
fast operation at low cost. The parts are illustrative properties are obtained and bending stresses at 
of the endless variations in part geometry possible the inside corners are redistributed parallel to the 
with Hunter Douglas cold impact forging. The flow lines rather than cross grain as would be the 
“no-draft” characteristic effectively eliminates case if the part were machined from bar stock. 
machining. Simply trim to length, drill holes in If you have a design problem that requires a 
base for attaching bolts and the part is ready for similar part for mass: production in quantities up yeh! ORGY, 
final assembly. to a million or more a month, remember the ¥ % 
To the economies achieved through impact name, Hunter Douglas. : HD: 
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“HEADACHES” 


to a specialist 7 
WALLINGFORD STEEL 


FOR QUALITY STAINLESS STRIP 


We specialize in easing “headaches” brought on by the need for... 
an improved product . . . better production . . . reduced fabricating and 
finishing costs . . . fewer rejects . . . less down-time. We prescribe . . . 








WALLINGFORD STAINLESS STRIP 











® Thinnesses to .002”. 


























® Accuracy to + .0001”. 


® Meets rigid specifications 
for size, finish, analysis, temper. 
























































Has smooth, straight edges. 
Gages uniformly. 
Draws easily. 


Punches cleanly. 


Special sections rolled to your exact design. 


Write today. We'll meet the challenge of your most persistent 
product, cost and production “headaches” with a staff of 
specialists — engineers, metallurgists and production experts — 
well-qualified to administer effective treatment. 














WALLINGFORD 
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WALLINGFORD, CONN. U.S.A. 


STAINLESS * ALLOY * HIGH CARBON * LOW CARBON « STRIP * STAINLESS WELDED TUBES AND PIPE 
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Gis 

lohbn M. Lessel: Jol l 
Sons, Inc., New York 1 
1954. Cloth 6 by 9 in. 450 | P; 
$70.00 | 

This book has been w ritten 
cuss the behavior of metals 
stress. The discussion 1S tere 


around steel although some inform, 
tion on nonferrous metals is included 
particularly where the behavior 
the two types differs. 

The subject matter is covered 
cleven chapters beginning with a dis 
cussion of tension and compressiot 
with particular emphasis on clasti 
properties. Other chapters discus 
hardness, impact, fatigue, the fr. 
ture of metals, wear and theories 
strength and working stresses 

The book is intended for 1 
text at the undergraduate senior lev. 
or the graduate level and the: 
contains a section on problems to | 
worked in conjunction with 
chapter. However, the design eng: 
neer will find much valuable info: 
mation. 


The Light Metals Handbook. 
George A. Pagonis. D. Van Nostrana 
Co., Inc., New York, N. Y.., 

(in two volumes). Cloth, 6 by ' 
132 pp. Price $8.50 per set. 

This book is published in 
volumes, one containing the text, t 
other containing related tables with 
the objective of permitting the reade: 
to have before him, any specific tab! 
referred to in the text. Each volur 
is divided into two parts. Part 
covers magnesium and magnesium a 
loys. Part 2 deals with aluminun 
and aluminum alloys. Organizatio: 
in each part of Volume 1 is similar 
A section on classification is followed 
by chapters on mechanical properties 
and physical properties in general, 
detailed properties on specific alloys. 
forming, fabrication and alloy selec: 
tion. Volume 2 contains 93 tables on 
magnesium alloys and 138 tables on 
aluminum. 

This book will be very useful to 
the materials engineer concerned with 
the light metals, although a section 
on titanium would have added to its 
value. 





Materials of Construction. M. J 
Withey and G. W. Washa. John 
Wiley & Sons, Inc., New York, N 
Y., 1954. Cloth, 6 by 9 in. 870 pp 
Price $9.00. . 

The latest edition of this standar¢ 
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THE MOST AMAZING 
. © FINISH DEVELOPMENT IN 100 YEARS! 


CAPSULE FACTS 


WHAT IS COLOR- 
tal Mg w. BO R FLECKED PLEXTONE? 


A completely new multicolored in- 
dustrial finish in which colors exist 
separately. When sprayed, they form 
an interlacing color network of amaz- 





n sRace 18g6 — (Mtd. under U.S. Pat. No. 2591904) ing beauty and durability. 

_ YF 4 CHARACTERISTICS 

ie . = ae Lacquer base ® Air dries approx. 30 

a Imagine — a textured and MULTICOLORED finish ential: Sie Mma ee 
—sprayed at one time, from one gun, in one coat ¢ Available in flat or semi-gloss ¢ 
that covers surface flaws and blemishes completely! Exceptional hiding power — hides 


a dis surface imperfections, covers porous 
materials © Remarkable abrasion re- 
sistance ® Good chemical resistance 
® Does not stain ® Can be scrubbed, 
even scoured ® Quick and easy 
touch-up, without showing ® Available 
in non-toxic grades ® Bonds readily 
to primed wood, metals such as cast 
iron, steel, aluminum, brass, copper, 
zinc; also’ plastics, woven fabrics, 
wallboard, paper, cement, plaster, 
papier-mache forms. 


USES 


Manufacturers from coast to coast 
are using PLEXTONE to finish such 





— products as Caskets ¢ Displays ¢ 
Furniture. ¢ Kitchen cabinets © Ma- 
chinery @ Office panels and parti- 
tions ® Sewing machine tables °® 
Silver chests *® Signs ® Store fix- 
v tures © Switch gear housings * 
with PLEXTONE Alpine Green, ie andes wad. Se Ste 
‘ , TV cabinets ® Wallboard 
ader one of many standard pre-mixed colors available for prompt ship- 
b] ment. Also available in solid colors and in custom multicolors. 
PLEXTONE — CUTS FINISHING COSTS PLEXTONE — AN UNBELIEVABLY PLEXTONE — DRAMATIC SALES 
vie UP TO 35% RUGGED FINISH APPEAL OF MULTICOLOR! 
nul 
iti0r PLEXTONE often eliminates many pre-finishing | PLEXTONE's color flecks go ‘‘through-the-film''! | Color-flecked PLEXTONE offers endless new effects 
ular 5 steps on wood or metals. Usually no more than | Resists chipping, cracking and abrasion... defies | ... from subtle tones-on-tone to brilliant spatter- 
wed 5 one coat of primer and one PLEXTONE coat are. alcohol, grease, and cil! So tough, it can be | dash... two, three or more colors sprayed from 
rties required! And PLEXTONE's texture hides wood washed, scrubbed, even scoured with abrasive | one gun at one time! New sales appeal for any 
eral, knots, metal weld marks, flaws and blemishes. cleansers without surface damage! and all products. 


loys, 
ey Mail Coupon Today—Send for FREE color chips. See some of the many color 


sl PROVE IT T0 YOU R SELF —_ combinations possible. Mail coupon NOW for FREE color chips, PLEXTONE 
“_ sample and complete application data. 

5 ON : thee 

1 to 


« — MAAS & WALDSTEIN CO. 


its 2112 McCARTER HIGHWAY, NEWARK 4, NEW JERSEY 
0 Midwest Division: 1658 Carroll Ave., Chicago 12, Ill. 


PLEXTONE® 


MAAS AND WALDSTEIN CO., PLEXTONE DIVISION 


rm 
| 2112 McCarter Highway, Newark 4, New Jersey 

| Gentlemen: Please send me FREE color chips, PLEXTONE sample, 
| ond application dota. 

| | om particularly interested in PLEXTONE 

. 


for finishing ee ————— 


Pacific Coast Division: 


Name ‘ —— — 








A > > 

FH Smith-Davis Company, 10751 Venice Blvd., Los Angeles 34 eae mals © 

:' PIONEERS IN PROTECTION Address — 
lal 
DS For more information, turn to Reader Service Card, Circle No. 404 
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WORK SPECIFICATIONS 
| ae Aluminum dome 
PRE- "Alodine” No. 1200, 
TREATMENT applied by brush 
Felton Sibley 
PAINT DOME-LAC No. 20 
H. Newton Marshall 
CONTRACTOR Company, Inc., Boston, Mass. 
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Pioneering Research and Development Since 1914 


AMERICAN CHEMICAL PAINT COMPANY 


General Offices: Ambler, Penna. 
Detroit, Michigan Niles, California Windsor, Ontario 
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Books 


work retains the original aim o{ 


senting a book which can se: . 
as a text and reference book * 
been extensively revised to prese, 
the latest data on the sources nanu. 
facture and fabrication of the ring 
pal materials of construction. 

The book is divided into 3 chap. 


ters, thirteen are devoted to a discys. 
sion of the characteristics of wood 
stone, clay, cement, concrete and 
similar materials. Eleven chapters 
deal with ferrous alloys and two with 
nonferrous alloys. An extensive list 
of references adds to the value of 
the volume. 


Fiberglas Reinforced Plastics. 
Ralph H. Sonneborn. Reinhold Pub. 
lishing Corp., New York 22, N.Y, 
1954. Cloth, 6 by 9 in. 240 pp 
Price $4.50. 

This is the first book in which the 
reinforced plastics are discussed in a 
comprehensive manner. It covers th 
resin and glass reinforcements used 
in reinforced plastics, molding tech- 
niques, properties, inspection and 
testing and design considerations. 

The book is divided into two parts 
Part one covers the materials, their 
processing, their properties and de. 
sign methods based on experience. 
Part two deals with the theory of de- 
sign with reinforced plastics. A 
bibliography of the field is given as 
an appendix. 

The book will be valuable to the 
design engineer and executive in the 
materials industry particularly, but 
will also serve as a convenient refer- 
ence work for those interested in the 
application of plastics. 


Modern Plastics Encyclopedia, 
September, 1954. Breskin Publica- 
tions, New York, N. Y., 1954. Cloth, 
8, by 11%, in. 955 pp. Price: 
Available only to subscribers of Mod- 
ern Plastics Magazine. 

The fourteenth annual edition of 
this standard reference on_ plastics 
materials and production methods in- 
corporates basic data on the many 
new materials and processing tech- 
niques that have been developed dur- 
ing the period between editions. New 
additions include special chapters on 
vacuum forming, reinforced plastics, 
plastisol molding and a fully revised 
series of charts covering the propet- 
ties and processing peculiarities of 
plastics resins and compounds. Major 
topics covered are: Engineering and 
Methods, Resins and Molding Com- 
pounds, Machinery and Equipment, 
Chemicals for Plastics, Fillers and 
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Republic Aviation operates P&H 


high-frequency welders as standard 
metallic arc welders, also, so that 
duplicate equipment does not have 
to be purchased. 





ding speed with Pal 


30 P&H TH-200 high-frequency machines make inert gas 
arc welding 2/2 to 3 times faster than former gas welding 
at Republic Aviation Corporation 





No replacement maintenance in 
three and a half years of two-shift operation 
































You don’t have to take our word for the outstanding “Republic Aviation welding engineers back up the 
performance record of P&H Welders. The following claim of the makers that P&H welders require 
statements are actual quotes from a certified report very little maintenance. The 30 high-frequency 
issued by the H. P. Gould Co. of Chicago, who made arc welders have had no replacement maintenance 
an impartial study of welding operations at Republic whatever in three and a half years of two-shift 
Aviation Corporation, Farmingdale, L. L, N. Y. operation — and the operating cost of each P&H 
“In the building of faster and better aircraft, new TH-200 HF Welder is only 40¢ per day.” 
developments in welding have played an important Like Republic Aviation, whose studies show P&H 


part and P&H high-frequency inert gas welding  imert gas arc welding to be 2!/2 to 3 times as fast as 
has proved that it can solve the problems of weld- former gas welding you, too, can enjoy the money- 
ing aluminum alloys. saving advantages of P&H Arc Welders with Dial- 
“Three and a half years ago, Republic Aviation _lectric Control. You, too, can get faster, better welds 
tested P&H TH-200 HF Inert Gas AC Arc Weld- at lower cost. 


ers, and evaluated them against the existing equip- We've given you the Republic Aviation story in a 
ment in the plant, as well as against outside nutshell! You can get all the detailed facts and deubes 
competition. by reading Gould Report No. 5311. Write for your 
“P&H welders of four different types are now copy today. 

used in four locations in the plant, for the welding 

of hundreds of different parts. In general, they are pH WELDING DIVISION 


welding aluminum alloys from .032” thickness up 

to .250”, and heat-resisting alloys from .010” up 

to a thickness of .093”. For arc-welding alloy steels MM A ea Ay i ty ' cad gE & cj € @ 
(4130, 4140, 8630, 8740, etc.), experience has CORPORATION 

proved P&H electrode AW-4 most satisfactory, 

and it is used exclusively. 4550 WEST NATIONAL AVE. © MILWAUKEE 46, WIS. 


the CGS Line rn + wn fy wpe 


er -. 
TRUCK CRANES DIESEL ENGINES POWER SHOVELS PREFABRICATED HOMES ELECTRIC HOISTS SOrL STABILIZERS WELDING EQUIPMENT OVERHEAD CRANES 





P&H welding equip is lectured and sold in Conede by 
REGENT EQUIPMENT MANUFACTURING COMPANY LTD. 
455 King Street West © Terente, Onterie, Coneda 
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POLY PENCO® SHAPES 


It’s like blanking from metal strip 
when you make Nylon parts this way 


@ Blanking from POLYPENCO nylon strip now enables every designer 
to get nylon’s resiliency and wear resistance in lock washers, thrust 
bearings, gaskets, and other thin parts. With this strip, nylon parts 
are blanked just like metal components. The dies are practically the 
same, and your operators use exactly the same punch presses, tech- 
niques, and feeding methods. What's more, production costs are low. 
Press speeds up to 600 cycles per minute have been successfully 
obtained. POLYPENCO nylon strip is available in standard widths of 
%4"" to 4" and in thicknesses from .010” to .125’’. With POLYPENCO 
nylon shapes, you always get these advantages: 


@ Direct control of fabrication on the standard metal- 
working tools in your own shop. 


\: @ Design flexibility . . . closer tolerances in many cases. 


@ Immediate warehouse delivery of most sizes. 


@ Uniform high quality . . . technical help. 


SEND FOR BULLETIN ON NYLON SHAPES AND PROPERTIES 






The POLYMER CORPORATION of Penna. « Reading, Pa 
In Canada: Polypenco, Inc., 2052 St. Catherine W., Montreal, P.Q. 


ryadsiit hal, 


teflon* and other non-metallics 










Warehouse stocks: Reading * Chicago « Los Angeles *« Newton (Mass.) * Branford (Conn.) 


"trademark for DuPont tetrafluoroethylene resin 
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Books 


Reinforcements, and an exter: 
page Buyers Directory of 
of equipment, materials SUP] 
SerTViICces 

ASTM Standards on Wood, Wood 
Preservatives, and Related Mo. 
terials. American Society for 7] 
ing Materials, Philadelphia, 

1954. Paper, 6 by 9 in 

Price $3.75. 

For the first time, the America; 
Society for Testing Materials has 
combined in one compilation tl 
ASTM specifications, test methods 
and definitions of terms pertaining to 
wood, wood-base materials and wood 
preservatives. Sponsored by ASTM 
Committee D-7 on Wood, the com. 
pilation includes 59 ASTM stand 
ards, including 43 test methods; 1 
specifications; 3 definitions of terms 
relating to timber, timber preser 
tives, and veneer and plywood 
2 others: one for the nomenclat 
of domestic hardwoods and_ soft 
woods, the other, the volume and 
specific gravity correction tables for 
creosote and coal tar. 


Monomeric Acrylic Esters. Edwara 
H. Riddle. Reinhold Publishi 
Corp., New York, N. Y., 1 
Cloth, 6 by 9 im. 221 pb. Pr 


P} 


5.00. 
Beginning with a brief histor 

ac rylic monomers and polymers, the 
author then discusses the physical 
properties of both the technica 
grades and purified materials. Subse 
quent chapters describe methods used 
to polymerize monomer acryl! 
esters, their copolymerization wit 
other commercially available mono 
mers, the uses of acrylic esters as 
intermediates in chemical reactions 
other than polymerization and meth- 
ods of determining the purity of 
monomers. Recent advances are cov- 
ered in all chapters and particular at- 
tention is directed to the latest 
theories of polymerization and co 
polymerization mechanisms involving 
monomeric acrylic esters. 


Study on Aluminum Extrusions. 
G. Roger Smith. Harvey Aluminun 
Co., Torrance, Calif., 1954. 81/, 5) 
11 in. 36 pp. Price: Available b) 
request on business stationery, addt- 
tional copies, $1.50. | 

Here is a comprehensive study of 
aluminum extrusions the purpose 0! 
which is to point out the vast a d 
extensive uses to which extrusion cn 
be applied in new design and to d 
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Books 


using aluminum extrusions 

ng existing designs. Tech- 

ial includes current appli 

esign advantages, fabricat 

shes, general characteristics 

Data rts, illustrations and sketches 
used extensively. 


Welding Alcoa Aluminum. 4/“7:- 
m Company of America, Pitts- 
hyy gh Pe NNd., 1954. Paper, 51/y b) 


gl/, in. 176 pp. Available without 
charge on company letterhead. 

This booklet reflects the many new 
hanges in the technology of welding 
aluminum alloys. In addition to the 
basic, practical information on the 
individual processes, it offers data on 
choice of method to assist the welding 
engineers, shop men and designers 
at the time when decisions are being 
formulated. 


Progress in Metal Physics, Vol- 
ume V. Edited by Bruce Chalmers. 
Interscience Publishers, New York, 
V. Y., 1954. Cloth 6 by 91/y in. 

] pp: Price $9.50. 

Presented here are authoritative re- 
views of the present state of knowl- 
edge in specialized aspects of the field 
that include both physical metallurgy 
and metal physics. The fifth volume 
in this series includes such topics as: 
The Fracture of Metals by N. J. 
Petch; Geometrical Aspects of the 
Plastics Deformation of Metal Single 

rystals by R. Maddin and N. K. 
Chen ; The Structure of Liquid Metals 
by B. R. T. Frost; Report on Pre- 
ipitation by H. K. Hardy and T. J. 
Heal and Solidification of Metals by 
Ursula M. Martius. 


Fundamentals of the Working of 
Metals. G. Sachs. Interscience Pub- 
lishers, New York, N. Y., 1954. 
Cloth. 166 pp. Price $4.75. 

Here is a textbook for students and 
practical engineers which offers in 
concise form the fundamental facts 
of working metals by forging, roll- 
ing, drawing, etc. Principles rather 
than individual fact are stressed. 


| Reports 


Coatings On Polyester Laminates 
Effects of Resin Coating Methods 
and Other Variables on Physical 
Properties of Glass-Fabric Reinforced 
Polyesters. B. M. Axilrod, J. E. Wier 
and ]. Mandel, National Bureau of 
Standards, Aug. 1954. NACA RM 
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You cant heat 


~ Cannon-Muskegon 


MastrrMet alloy service 


... for fast delivery of standard or custom 


certified’ alloys for remelt or reprocessing ! 


ANNON-MUSKEGON regularly produces a wide range of 

certified alloys to maintain one of industry’s finest stocking 
programs. Immediately available are stainless steels in the 300 
and 400 series plus certain carbon steels. 


Service on ‘‘special’’ alloys is remarkable too! 
Preparation is begun immediately after your specifications are 
received. You get exactly predictable physical, chemical and 
electrical properties to your specific requirements. And, depending 
upon the form you order, alloys can be cast, forged, extruded 
and machined. Furnished regularly to investment casting found- 
ries and other users are alloy tool steels, ferritic and austenitic 
stainless, alloys of cobalt and nickel-base, plus aeronautical-types 
for extreme high temperature applications. 





MasterMet alloys are avail- 
able in ingot, shot, billet or 
short (6” dia.) cast bar forms 
and are normally shipped in 
drums. Specifications, weight, 
lot and customer's order num- 
ber are clearly imprinted on 
container, making selection 
and storage a simple matter. 


*Cannon- Muskegon 


iia Seca pew Cannon-Muskegon 


to meet prescribed 
metal specifications. 
For more information 
about this, and com- 
plete technical service, 
write for New Master- 
Met Bulletin. 





ca CORPORATION 
2 


2873 Lincoln Street 
MUSKEGON, MICHIGAN 





METALLURGICAL SPECIALISTS 


For more information, turn to Reader Service Card, Circle No. 363 
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preparation followed a statistical d¢ 
sign to minimize uncontrollable va; 
ables. Tests included flexural strengi! 
both dry and after water immersion 
specific gravity, resin content, an 
voids content. 

Additives Lubricate Steel Ei 
of Chemically Active Additi 
Boundary L ubrication of Steel | bj 
cones. S. F. Murray and Rober 7 
Johnson, Aug. 1954 NACA T? 
32 \7, 24 Dp, di lagrams, photoecrat 
table. Av. la ible from the Nai 
Advisory Committee for Aeronauti 
1512 *H” St., N.W., Wash. 25, D. 
Conventional chemically active add 
tives and more active compounds suc 
as peroxide did give effective lubri 
tion. However, all the chemica 
active type additives were inferior t 
the solvent type additions such as | 
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diesters previous]; studied 

¢ ae UHF Materials Measurements 
9 — Materials with High Dielectric Con 
* Thermo Electronic recording-controllers are relatively inexpensive stant and Conductivity at Ultrahig! 
+ instruments for recording and controlling temperature of electri- Frequencies. Herman P. Schwa 

+9 cally heated, fuel fired, or steam heated equipment. You can use Kam Li, University of Pen 

¢ them with two-position valves (electric or electric-pilot pneumatic Moore School of Electrical Engi 

yy types), contactors, or heavy duty relays. They will operate with ing and Dept. of Physical Med 

+¢ thermocouples or resistance bulbs. Electromedical MP at 5, Philad 
x The pulse-proportional controller changes heat input according |  phia, Pa., 1953. PB 113997, 18 pt 
¢ to the magnitude of temperature change. Its proportion band is | diagrams, graphs. Available ji 
x continuously adjustable from 0% to 20% of range to match Library of Congress, Publicati 
x process response. Recommended for continuous and other proc- Board Project, Wash. 25, D.C. Micro- 
% esses having similar control characteristics, where load changes | film $2.00, Photocopy $2.75. The 
+” are relatively small, and where temperature changes cannot be | purpose of this paper is to summarize 
*,° detected quickly. | how measurements of dielectric prop 
oe Two types of controller: potentiometer pyrometer and resistance erties of material with high complex 
“ thermometer. Both are durable, simple, accurate, sensitive, speedy, dielectric constant are performed {0 
, and easy-to-set. 23 scale ranges from —320° to +-200°F all the obtain accurate results throughout 

oe way up to 0° to 3000°F. The 12” recording chart is easy-to-read. frequency range from 100 to oa 
te Interested? Write for bulletin 62-G. mc. 

*¢ ; ; : Wood Testing Non-Destruc'! ive 
¢ «© Pyrometers * Thermocouples * Protection Tubes * Quick-Coupling Connectors Testing of Wood Laminates. Final 
* Thermocouple and Extension Wires * Resistance Bulbs * Connector Panels Report. § S.V. Gal ginaitis, E.R. Bell 
KX Th El G By) A. pe wines J. Roy, eh . 
4 sity of Louisville, Institute o us: 
s ermoao ectric 0., 100: trial Research, Louisville, Ky. ze 
SADDLE RIVER TOWNSHIP, ROCHELLE PARK POST OFFICE, NEW JERSEY 114022, 27 pp, photographs, drawing 
IN CANADA—THERMO ELECTRIC (Canada) Ltd., BRAMPTON, ONTARIO diagrams, graphi, tables. Availi 
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BR INCORPORATED 





SI. Yom Demers - 
Pi en By . 


The EBONOL SYSTEMS for blackening metals 
are based on thorough technical knowledge plus 
extensive chemical and metallurgical research 
and years of use in industry. As a result, you 
can be sure that Ebonols will produce finishes 
of the uniform high quality that your product 
deserves, at the lowest possible cost. 

We are exceptionally well equipped to study 
your specific requirements and recommend a 
practical solution. 


For STEEL 


EBONOL “S” produces jet-black oxide coatings. 
Simple and economical to operate. Operating 


WRITE US ABOUT Enthonics* as applied to ANY BLACKENING OR OTHER FINISHING PROBLEMS 


VEMBER, 1954 








no doubt about it 


A 


when you 


¥ 


Lerten | 


temperatures: EBONOL “S”, 
EBONOL “S-30”, 295-305°F. 
For COPPER and BRASS 
EBONOL “C”, the quality black for these 
metals, meets all military specifications. 

For ZINC 

EBONOL “Z” produces a durable, deep, rich 
finish for zine plate or zinc alloy castings. Dull 
or glossy black oxide coatings are formed in 
from 5 to 10 minutes at 160-180°F. 


EBONOL “Z-80”, a blackening process for zinc 


and zinc alloys, operates at room temperature. 


285-290°F.; 


METAL FINISHING PROCESSES 
442 ELM STREET, NEW HAVEN, CONNECTICUT 
ELECTROPLATING CHEMICALS 


” The Scientific Solution of Metal Finishing Problems 


For more information, turn to Reader Service Card, Circle No. 457 
















Medi 
FOR /, 
THREADED FASTENING TROUBLES 


Here’s a “miracle drug” 
proved throughout industry! 
R. for all threaded 
fastening troubles: 
Heli-Coil* Screw Thread Inserts. 


YY 
4 





These 18-8 stainless steel or phosphor bronze Heli-Coil Inserts 
give you a minimum of 25% greater loading strength... your 
threads will never seize, corrode, or gall... you save space, 
material and money because you can use fewer, smaller, shorter 
fastenings and lighter, cheaper materials...and smaller bosses 
and flanges. 

It will pay you to investigate the many advantages Heli-Coil 
Screw Thread Inserts offer. Write today for full information, 
free samples and, if you wish, the assistance 
of a Heli-Coil Thread Engineer. 


Heli-Coil Inserts conform to official Mili- 
tary Standards MS-122076 (ASG) through 
MS-124850 (ASG) and others. 




















* Reg. U.S. Pat. Off. 


r i | 
| HELI-COIL CORPORATION | 
, 19] SHELTER ROCK LANE, DANBURY, CONN. 
[] Send samples and Bulletin 689 — Military Standard Sheets. 

i [] Please have a Heli-Coil Thread Engineer call. 

| () Send samples and Catalog. 

NAME aie TITLE 

; SET cectnesresithentarntnesienteipattntiniearntichannigtimasin 

re wane 

} city a — ZONE STATE & 27 
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Contents Noted 





Reports 


from Librar} of Congress, Py ; 
Board Protect, Wash. 25. D+ Vl 
film $2.25, Photocopy) $4.0 
Industrial Films Selected Indust; 
Films: Refrigeration Equipment, 4 
List and Description of Films Ay, 
able to Business from In 
Commercial, and Governmen; 
Sources. U. S. Office of Techn; 
Services, May 1954. PB 11382, 8»; 
Available from O fhice of Technic, 
Services, U. S$. Dept. of Comme 
Wash. 25, D.C. $.50. 

Beryllium Single Crystals Defo; 
mation of Beryllium Single Crystal 
at 25 C to 500 C. H. T. Lee an 
R. M. Brick, University of Penns) 
vania, Towne Scientific School, Dep 
of Metallurgical Engineering, Se pi 
1953. PB 114070, 103 pp, phot 
graphs, diagrams, graphs, tabi. 
Available from Library of Congr 
Publication Board Project, Wash. 2 
D.C. Microfilm $4.75, Photocopy 
$14.00. Part I includes experiment: 
observations of the study. Part II 
consists of some crystallographi 
analyses regarding to twinning an¢ 
slip. 

Brazing Molybdenum = Evaluation 
of Alloys for Vacuum Brazing 0! 
Sintered Wrought Molybdenum fo: 
Elevated-Temperature Applications 
Kenneth C. Dike, U.S. National Aa 
visory Committee for Aeronautn 
May 1954. PB 114262, 13 pp, photo- 
eraphs, diagrams, tables. Availabl 
from National Advisory Committ 
for Aeronautics, 1512 “'H” St., NW 
Wash. 25, D.C. The brazing chara 
teristics of 28 alloys with liquids 
temperatures in the range 2000 to 
2500 F, were established in a vacuum 


Strain Rate of Metals Influence o! 
Temperature and Rate of Strain on 
the Properties of Metals in Torsion 
Clyde E. Work and Thomas ]. Dolan, 
Illinois Engineering Experiment Sta- 
tion, Dept. of Theoretical and Ap- 
plied Mechanics, Urbana, Ill., Not 
1953. PB 114152, 107 pp, photo: 
graphs, drawings, diagrams, graphs 
tables. Available from Engineering 
Experiment Station, University ©! 
Illinois, Urbana, Ill. $1.00. 


Germanium Some Surface Effects 
on Germanium. S§. R. Morrison, 
Illinois Engineering Experiment Sta 
tion, Electrical Engineering Research 
Laboratory, Urbana, Ill., Sept. 1953. 
PB 113921, 22 pp, graphs, table. 
Available from Engineering Expert 
ment Station, University of Illinois, 
Urbana, Ill. 
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REM-CRU C-130AM titanium 
merc alloy forgings, produced by 
the Steel Improvement & Forge 
Co., Cleveland, Ohio. 





















Now—design with 





REM-CRU TITANIUM 


for corrosion resistance—high strength—light weight 


Greatly expanded facilities make REM-CRU 
titanium available for nondefense applica- 
tions. Now get prompt delivery of REM-CRU 
titanium in bars, plates, sheet, strip, wire, tub- 
ing and forgings .. . in a wide range of sizes, 
shapes, grades... including the high-strength, 
weldable alloy, REM-CRU A-110AT. 
Forgings of REM-CRU titanium, like these 
illustrated, have light weight and high 
strength, plus exceptional resistance to most 
forms of corrosion. These forgings are de- 
signed to withstand very rugged service in- 
volving impact shock, vibration and stress. 


REM-CcRU 
TUPA ING OUD IM soaren-cru TITANIUM, INC., MIDLAND, PENNSYLVANIA 


For more information, turn to Reader Service Card, Circle No. 402 


» 
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REM-CRU titanium can be machined, 
formed from sheet, and welded—it is a prac- 
tical metal for an unlimited number of appli- 
cations. Condenser and heat exchanger units, 
evaporators, autoclaves, tubing, valves and fit- 
tings, for example, can all be profitably made 
of titanium. 

The advantages of REM-CRU titanium are 
so superior, you just can’t afford to overlook 
them when designing new products. For down- 
to-earth suggestions on how to make the most 
profitable use of titanium, call a REM-CRU 
engineer now. 





Correction 





In the article ‘Fasteners { 
Temps rature Service’. app 
pages 1O4 to 106, Septem! 
the captions and illustration 
orrespond To correct this 
ire re-publishing below 
llustrations with thet 
(rons Che captions have be¢ n 
shortened The Edi 

















Let GROOV-PINS help you 
get out of the groove 


~ 


t is easy to get into a groove in product design and redesign. 

This is particularly true where fasteners are concerned. With 
some design engineers it is threaded fasteners or nothing. The 
possibilities for decreasing the cost and increasing the usefulness 
of their products through the use of pin fasteners, where appli 
cable, are ignored. 


To fasten components in the GETG-19) 
turbo-jet engine, a nut was required which 
would withstand seizure and vibration o 


temperatures of 1200 F. This called for a 





} ; self-locking fastener of new design. On 
By contrast, many of the best-designed products in the country 


incorporate Groov-Pins in their construction. A large number of 
prominent American manufacturers have used with columbium and modified with selenism 
Groov-Pins for a quarter century or more with to obtain free machining qualities was 
substantial savings in manufacturing and mainte selected. To overcome the ga'ling ten 
nance costs, simplification of design, and cus dencies, silver-plating was used. Showr 
tomer satisfaction. are two modifications of the basic design 


the basis of all-around performance, an 


18% chromium-10% nickel steel stabiliz:d 


adopted to meet specific requirement 
The Groov-Pin is a cylindrical metal pin (usually Elastic Stop } 


cold-rolled steel) cut from bar or coil stock. Longi 
tudinal grooves are rolled or pressed into the body 
to deform the stock within controlled limits. 
When the Groov-Pin is forced into a drilled hole 
of correct diameter, the constraining action of 
the hole wall causes the displaced material to 
flow back and make a locking fit within its elastic 
range. Resiliency of the pin stock makes it prac- 
ticable to use the same pin repeatedly. 





: . : T semb) ts at te atures 
Groov-Pins are assembled in straight drilled ai ap (> tne Bt 25d ey ia ane age 

' : ‘ aaaia up to 1600 F where high frequency vibro- 
holes. No tapping, reaming, peening or milling 
are required. They can be driven by hand ham 
mer, air cylinder or hydraulic press. 


tion is a factor a locknut was required 
which could be readily re-used. The nv! 
is designed to reduce high stress concen- 
tration and torsional load in the first three 


threads and distribute the load over © 
Send for samples and descriptive folder. 


greater number of threads. Locking occurs 
3 


when the grooved washer is wrenched 
Also manufacturers of TAP-LOK INSERTS. dawn against the work surface. (Note 





Position of fastener as shown here is 
correct. In originally published article, fos- 


GROOV-PIN CORPORATION [iiteetuaertees 
Le ckn 


(Klincher 


Typical 


Groov-Pin Forms 1121 Hendricks Causeway Ridgefield, New Jersey (Continued on page 192) 
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Give Accurate 


Temperature Response...Cut Costs 


General Plate Truflex Thermostat Metals pro- 
vide a sure way to get reliable performance and 
at the same time cut costs of products requiring 
temperature control, indication or compensation. 


Advanced General Plate production methods 
coupled with the best equipment available insure 
close tolerances on all properties and dimen- 
sions. This maintains positive consistency in 
thermal, mechanical, and electrical perform- 
ance. With no variation from lot to lot rejects 
are eliminated, costly adjustments are minimized. 


General Plate Truflex fabricated assemblies 
are engineered and manufactured to your 


General Plate 
TRUFLEX Thermostat Metals 





specifications, ready for 


installation into your prod- 
ucts. They eliminate costly 
fabrication problems... 
needless special equipment 
... experimental work and 


expensive calibration. 


However, if you prefer to make your own assem- 
blies, General Plate Truflex Thermostat Metals 
are available as strip in extra long coils or flat 
cut lengths manufactured to your material 
specifications. 


W rite for information and engineering assistance. 


You can profit by using 


General Plate Composite Metals! 





METALS & CONTROLS CORPORATION 
GENERAL PLATE DIVISION 


611 FOREST STREET, ATTLEBORO, MASS. 


For more information, turn to Reader Service Card, Circle No. 414 











now... TEFLON with 


Certified performance 





Conformance to specifications assured 


in FLUOROFLEX®-T vod, sheet, tube 


Resistoflex will certify each shipment of “electrical grade” 
Fluoroflex-T products on six vital physical and electrical 
properties. Qualification tests are performed on all incom- 
ing Teflon powder to determine whether it will yield rods, 
tubes and sheets which are in conformance with specifica- 
tion AMS-3651 “Polytetrafluoroethylene.” Processing under 
a quality control and inspection system approved by the 
USAF under MIL-Q-5923 specification maintains the iden- 
tity of each lot of material through all stages of manufacture 
— from virgin powder to finished product. 


An affidavit accompanies each shipment attesting to its 
conformance with AMS-3651. Certified test reports of the 
actual properties of any shipment will be furnished when- 
ever they are requested. 


Be sure of optimum performance in Teflon by specifying 
electrical grade Fluoroflex-T. Remember, too—Fluoroflex-T 
products are non-porous and stress-relieved. This means 
better dimensional stability, less costly machining and 
fewer rejects. For more details, write or phone... 


*DuPont trade mark for its tetrafluoroethylene resin. 
@Resistoflex trade mark for products from fluorocarbon resins. 


RESISTOFLEX 


corporation 
Belleville 9, N. J. 


For more information, turn to Reader Service Card, Circle No. 482 








Correction... 





eRe 


continued from page 199 


To fasten a safety switch to the afte. 
burner of a jet engine, it was necessary 
that the screw head be within the afte. 
burner and the locknut be close to th. 
afterburner surface. In addition to with. 
standing temperatures of 1600 F, nuts were 
required to resist vibration but be capable 
of ready removal. Seizing and galling of 
the bolts was reduced by using a truncated 
rather than a sharp thread crest and « 
rolled or ground finish. Metal to meta! 
contact was prevented with a chromium 
oxide coating. The locknut designed for 
use in this application is a stabilized stain. 
less steel two-piece nut consisting of o 
split, threaded core keyed into a hexagonal 
shell. (Delron Co., I 


A locknut was required to withstand 
temperatures to 1200 F for applications in 
exhaust manifold systems, furnaces and 
firewall assemblies. The nut designed for 
this service was a stop nut as well as o 
locknut, that is, it locked at any point 
along the bolt or stud whether seated or 
not. Firm locking action even under vibra- 
tion is provided by the slotted top, divided 
into six segments, which are closed in to 
make the locking collar smaller than the 
outside diameter of the companion boll. 
The spring tension resulting when the nut 
is applied holds the locknut securely ot 
any position on the holt. To overcome seiz- 


ure, the nut is silver-plated. 
(Standard Pressed Steel 





Coming in December 


Next month M&M will pre 
sent an unusual survey of 4 
broad field of materials — the 
so-called ‘‘clad metals’, “‘bimet 
als’’, “prefinished metals”, and 
the many other types of meta! 
laminates available. Look fo 
M&M Manual No. 111. 

Also: Plastics for Tooling 
Brush Plated Coatings and 
Pickling Titanium. 
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MUELLER BRASS CO. 
ENGINEERS forgings help insure 
COMPANIES dependable operation 


SOCIETIES. of aircraft pressure 





News of Engineers warning instruments 








after Robert G. Matters has been 
eeeen ng assistant director of research, 
ie. \|lis‘Chalmers Manufacturing Co. 
fo the ° : 
; 7 ati re 
with John W. Bolton - retired oy A specially designed housing, accurately forged to customer specifications 
Is Were hief metallurgist and research di- y & : g cme J P , 
debs ‘ector, Lunkenheimer Co. Marvin by Mueller Brass Co., seals in the diaphragm of the pressure warning unit 
ing ot MEL. Steinbuch, assistant director of manufactured by Eclipse-Pioneer Division of Bendix Aviation Corporation 
ncated, the Metallurgical Research & Testing in Teterboro, New Jersey. The unit, designed for installation in fuel, oil, 
end « Div., will succeed Mr. Bolton. water or alcohol lines of modern aircraft is a highly sensitive instrument that 
metal i . instantly warns the pilot or flight engineer of any unusually high or low 
romion (an Harry T. Bellamy, Lindberg En- fluid pressures. 
od te } gineering Co. ceramist, has been ap- | , ; ; 
‘sli pointed as refractory technologist to All Mueller Brass Co. forgings have a dense, close-grained structure with al 
“e the North Western Railway of Paki- high tensile strength. Weight savings up to 40% are possible in the design 
agonal stan’s new refractory manufacturing | of parts because of the close tolerances to which they can be produced. Less 
. plant in Malakwal. Mr. Bellamy is scrap and longer tool life result from the easy machinability of forged parts. 
being sent to Pakistan by Armour Mueller Brass Co. is completely equipped to design parts for your products, 
Research Foundation ol Illinois In- specify alloys (including special alloys developed by our metallurgists), 
stitute of Technology in COnneGEIOn forge, machine, finish and plate the parts and perform all necessary assembly 
spies Foundation project to advise operations. Write today for our free illustrated 32-page forgings catalog and 
in the building and operation of the ; is Sel unitien shemale & pay’ 
plant under the Foreign Operations a a eT ae 
Administration’s foreign aid pro 
L oram 
iB 
Richard K. Scales has been ap- 
hstand pointed general manager, Detroit Re- 
jons in § search Laboratories, Ethyl Corp., and 
s and ' Dr. George F. Kirby, Jr., has been | 
ed for named general manager of research | 
las e ind engineering at the company’s Ba- 
point ton Rouge plant. 
ited or e 
vibro- Robert Zimmerman has_ been 
livided TA named chief staff engineer for the 
} in to program planning and reporting | 
un the group of the Weapon Systems Div.. | 
1 bolt. Radioplane Co., a subsidiary of 
he nut Northrop Aircraft, Inc. Jack Gear- 
ely at hart has been named a senior project 
e seiz- engineer. 


el W. L. Fabianic has been elected 














——_ vice president in charge of research 
and quality control, and P. K. 
Nichols has been elected vice presi- 
re dent in charge of operations, Laclede- 
: Christy Co. | 
he ° 
et Dr. Athelstan Spilhaus, dean of 
nd the Institute of Technology, Univer- 
tal sity of Minnesota, has been retained 
‘o1 by Minneapolis-Honeywell Regulator 
Co. as a consultant in the fields of 
2 engineering and research. 
: | MUELLER BRASS CO, 
oseph P. Costigan, formerly 
opcrations manager, Alloy Rods Co., PORT HURON 16, MICHIGAN 
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STAR LAVOLAIN' 


Parts by the Million... 


to your Specifications 


Resistance-wire hooks, rods, bushings, lampsocket buttons, ferrules, 
switch bases, insulating beads—all types of small LAVOLAIN porce- 
lain parts are produced in volume to close tolerances on automatic 
machinery to reduce your costs and help maintain your production 
schedules. LAVOLAIN, highly resistant to thermal shock, is used in 
many types of heating devices. It has high dielectric and mechanical 
strength and does not absorb moisture. 


Name your problem. We'll be 
glad to work with your engineers, 
Samples sent on request. 


PORCELAIN COMPANY 


39 Muirhead Avenue «+ Trenton 9, N. J. 


For more information, turn to Reader Service Cord, Circle No. 368 


news of | ENGINEERS 


has been named works manager , 
American Machine & Foundry Co’, 
Buttalo plant 

” 

. wa Coughlin, rormet nag 
of the Arc Welding Div., Westin 
house Electric Corp in Buffalo, | 
joined Eutectic Welding Allo 
is assistant to the president 

2 

J. Robert Pauline has b 
pointed vice president, Kellogo 
American Brake Shoe Co. 

on 

Arthur E. Raymond, vice presi 
dent in charge of engineering an 
director of Douglas Aircraft Co 
Inc., has been named to receive the 
Spirit of St. Louts Medal. The award 
which is administered by the Board 
on Honors, The American Society o| 
Mechanical Engineers, is conferred 
for meritorious service in the ad 
vancement of aeronautics and was 
established by the citizens of § 
Louis, Mo., 1929. 

7 

E. C. Rook has been appointed 
vice president and general manager 
Blaw-Knox Equipment Div., Blaw. 
Knox Co. Mr. Rook, recently retired 
as a captain in the U. S. Navy, suc- 
ceeds G. L. Dirks, who resigned. 

4 

Sidney Minault, former! 
engineer, National Research Cor 
has been promot d to works mana 
and is now responsible for both 
production and engineering depar 
ments, of the company’s Equipr 
Div 


Yié 
Lil 


Robert L. Bell, formerly superi: 
tendent of metals, Carboloy Dept 
General Electric Co., has been ap 
pointed manager of manufacturing 
engineering. 

* 

Dr. Albert W. Meyer, in charge 
of U. S. Rubber Co.’s New Material: 
Dept. at Passaic, N. J., has been ap 
pointed to the newly-created position 
of director of exploratory research 
for Diamond Alkali Co. Other ot 
ganization changes at Diamond Al 
kali Co. include the appointment 0! 
C. C. Brumbaugh as director of re 
search, Atomic Energy, Alkali ane 
Electrolytic Products. 


e 
Herman J. Schorle, former! 
works manager, Bendix Aviation 
Corp. has joined Tobe Deutschmann 
Corp. as works manager. 
. 
Clarence G. Bieber has been 2p 
pointed head of the Special Al oys 
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5 OW | look how they're using 


o make ELECTRODE HOLDERS 


o Diy 
presi 
1S and 
t Co, 
ive the 
award. 
Board 
iety of 
iferred 
he ad. 
d was 
of St 
yOINTEC 
anager, 
Blaw- 
retired 
Yy, Suc- 
ned. That wonderfully versatile, new costs—assured customers of increased 
chie! combination of materials—General operational life and service.” 
Corp Electric polyester resins reinforced 
aoe ; ¢ ge How can you profit from 
anag with glass fiber—is now lending its — 9 
th ¢] c i G-E polyesters? 
ee great potential to the electrical equip- ‘ 
depal ” Check the products you make to see 
ipmen ment industry! 
/ where G-E polyester resins can bene- 
Erico Products,Inc.,Cleveland,Ohio, fit you. G-E service and technical 
Pp rl uses G-E polyester-glass plastics to know-how are ready to aid you in 
y pt . . . = 2 > +4 y ‘ ~t3 + 
e a mold their five-part caDDy Arc Weld- design and snags pony 
n aj : ‘our custom molder about G- 
“turing ing Electrode Holder. The following y , 
re ; polyester-glass plastics; he knows 
report is from Erico: 

G.E. as a dependable supplier of the 
rae “Handle grip better and cooler than resins that make this new material 
terials . , } 
= fiber tubing formerly used: not sub- possible. 
v=) c p ; ; ; F 
iathinn ject to moisture absorption, lamina- For further information. write us on 
search tion breakdown or warping és company letterhead forG-E polyester 
"4 AI insulating jaws able to withstand ex- resin technical bulletin CDC-238. 
sane treme operating heat and highimpact — General Electric Company, Section 
of re- ... excellent electrical properties. In- | 1419-4A, Chemical Materials Dept., 
li anc creased design flexibility lowered our Pittsfield, Massachusetts. 
rmetl) Frogress /s Our Most /mportant Product 
yiation . 
amann &B 
en ip: 
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POWDER METALLURGY 
can duplicate this part for 


(y) 
ES 


MACHINED PART — 18¢ 


POWDERMET™ part — 7¢ 





Don’t cut parts— Cert Cos¥s / 


—with YALE Powdered Metal Parts 


When it comes to keeping 
production costs down, American 
industry turns more and more to 
powder metallurgy. For here are 
tough, accurate parts completely 
ready for assembly...that not 
only do the job more cheaply, but 
often better! 

With identical machined parts, 
most of the cost goes into the 
expensive machining operation. 
The price of ome machined part 
will buy up to six of the same 
parts in powdered metal! 


Close tolerances, excellent wear- 
4 


ability, and controlled porosity 
are established Powdermet* vir- 
tues. Special properties—such as 
self-lubrication, or unusual elec- 
trical characteristics—can also be 
achieved. Alloys are available 
exceeding the tensile strength of 
mild steel. 

The answer to your pro- 
duction problems may well be 
Powdermet* parts...and Yale & 
Towne. For Yale & Towne has 
the experience and know-how to 
serve you best in this rapidly- 
developing new field. 


Section; George R. Pease, 
the Welding Section, and \W 
Sellers, head of the Electro: 
Section, Bayonne Research 
tory, the International Nich 
Inc. 


Dr. Rudolph Kluiber a: 
gene J. Kupchik have joined 
lite Co., a Division of Union Carbid 
and Carbon Corp. Their field will | 
fundamental research on polymer 

* 

Lucas P. Hart, Jr., has been a 
pointed manager of manufacturing 
for General Electric Co.’s Capacitor 
Dept. Mr. Hart, formerly manage; 
of manufacturing facilities and engi 
neering for the department, succeeds 


the late J. T. Holleran. 


+. 

Dr. R. C. Gibson has been ap 
pointed assistant vice president, Pa: 
ker Rust Proof Co. Amnouncement 
was also made of the promotion of 
E. W. Richards, formerly servic 
manager, to the post of technical 
director. R. I. Peterson, formerl 
assistant service manager, will tak 
over Mr. Richards’ post. 

* 

W. Z. Friend has been appointed 
to succeed F, L. LaQue in charge 
of the Corrosion Engineering Section 
the International Nickel Co., In 
Dr. T. P. May and H. T. Paterson 
have been appointed technical manag 
er and operational manager, respe 
tively, of the “Kure Beach’’ Corrosior 
Testing Station near Wilmington 
N. C. 

* 


G. R. Cuthbertson has been ap 
pointed production manager for th 
Tire Div., United States Rubber Co 


A qualified Yale & Towne engineer 
is available to discuss the advantages 
and limitations of powdered metal 
parts—right in your own plant! He 
will show you how powder metallurgy 
may cut costs in your production oper- 
ations. There is no obligation 
for this engineering counsel. 





The world’s most famous key ° 
... symbol of industrial leadership! Joseph L. Nelson has been ap- 


. pointed design manager, Specialty 
Products Div., Edwin L. Wieganc 
YA LE R, TOW N E a ucts Div., Edwin ieg 


MANUFACTURING COMPANY ‘ 


Walter O. Lewin has been made 


general manager of the newly ac- 
9335 Belmont Avenue ¢ Franklin Park, Illinois 














quired Champion Div., Steel Im- 
provement & Forge Co. Deward H. 
Hardesty has been appointed super- 
intendent of the division. 
e 

Walter F. Larson has been ap- 
pointed chief engineer of the new 
hydraulic equipment dept., Sutton 
Engineering Co. 


TYPICAL PM PARTS 


Filters Gears 
Bearings Cams 
Switch Parts Keys 
Wheels Valves 
Sprockets Ratchets 
Pawls And many more 











f-——-Send Today For Free Booklet—— 


The Yale & Towne Manvufacturing Company 
Powdered Metal Products Division 

9335 West Belmont Avenue 

Franklin Park, Illinois 


0 Send O Send information on PM parts for attached 
Booklet specifications or drawings. 


0 Have a Yale & Towne Powdered Metal engineer call on me. 


Get your copy 
of this informative 
new booklet 
now! 


e 
Norman Birch has been appointed 
vice president in charge of opera 
tions, I. Eugene Cox as vice prcst- 
dent in charge of engineering and 


i Se 


* TRADE-MARK 


eee aes as e=S a asm en ee eee ee 
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PRECISE FILLING 
oF DIES by new Baldwin powdered metal presses 





makes compacts more uniform... 
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ie the 
r Co -* highly efficient shuttle type feeders enable Baldwin’s new 
Model “L” and Model “C” powdered metal presses to compact parts much more uniformly. Air operated and cam 
1 ap- ™ e,e . . 
“salt controlled, this unique feeder moves from under a stationary hopper to a position over the die. It carries the same 
gand volume of material over the die cavity each time with a very smooth motion. 

This shuttle is supported on guide rods with a spring loaded cutoff ring which prevents loss of material. Cleanline 
nade design of the feeder eliminates those recesses or projections that might keep the powder from filling the die cavity 
ey 

Im- completely. 

d H. This is just one of the ways you’ll benefit by specifying Baldwin Model “L” (50-ton) or Model “C” (100-ton) 

ed presses to meet the growing demand for powdered metal parts. These new presses are the very first designed specifically 

for use in compacting metal powders. Both feature sealed mechanisms, hydraulic heads, special fill adjustments, auto- 

5 matic lubrication and variable cycling. 

new 

itton For our new bulletins on “L” and “‘C”’ please write promptly to our Dept. 4723, 

Baldwin-Lima-Hamilton Corporation, Philadelphia 42, Pa. 

nted 

er BALDWIN-LIMA-HAMILTON 

re SI- 





Philadelphia 42, Pa. © Offices in Principal Cities 


and 
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One ora Million... 


How expensive are your design ideas? 
How accurate are your prototypes? 


How quickly can you swing from pilot to production? 


Do your design changes run up cost because of prototype “unreliability”? In orders of 
one or one million, I-S BeCu™? springs measure up to one single standard of per- 
formance. This allows you to check your design against production tolerances and 
tests — without the expense of ordering production quantities. Our “Short-Run” 
department was set up expressly to handle pilot runs and small production require- 
ments as regular output — instead of treating them as costly “special orders’. 


I-§ Short-Run = Same High Performance —Lower Cost 


(1) Our ability to produce a better spring 
faster and usually at a lower cost. 


(2) The specialized ability of our engi- 
neers to cooperate with your designers 
in developing your “problem” springs. 


Like many other leading manufacturers, 
you will find that these I-S facilities can 
make significant improvements in your 
manufacturing processes and in your prod- 
uct. And they most likely will save you 
money! One thing is certain . . . it costs 
nothing to compare —it may cost con- 
siderable, not to! 


The design stage normally poses the 
basic problems of time and unit costs— 
plus the uncertainties of performance. 
By utilizing I-S engineering research and 
advanced spring-making techniques, you 
save/in testing time and development— 
as well as in elimination of regular pro- 
duction waste. In addition, you are 
ready to go into million-plus production, 
without time-consuming engineering usu- 
ally involved in the transition from 
bench-made prototypes to full line pro- 
duction. 


For more information on BeCu™P 
Springs, write today to reserve your 
copy of our newest catalog—No. 8; 
for Electronic Components, ask 
for No. 8-A. 

My 


NY 


Instrument Specialties co. in. 


224-J BERGEN BOULEVARD, LITTLE FALLS, NEW JERSEY 


Telephone Little Falls 4-0280 


BeCu™? — Beryllium Copper, Micro-Processed 


For more information, turn to Reader Service Card, Circle No. 452 





news of | ENGINEERS 


development and Bernard 
as works manager of the Mead 
Penna., plant, National Bearing D 
American Brake Shoe Co. 


Esarey 


J. L. DeDiemar, former Cony, 
design specialist, has been appoint, 
chief engineer, Resdel Engineeriny 
Corp. | ' 

oe 

Henry C. Guhl, formerly manage, 
of engineering for the Micarta Diy 
Westinghouse Electric Cor has 
been named manager of process ep 
gineering by National Vulcanized 
Fibre Co. 

. 

Philip H. Rhodes, technical dj. 
rector, Clopay Corp., has announced 
his resignation in order to reenter 
the consulting field. Mr. Rhodes 
new address will be 4354 Hamilton 
Ave., Cincinnati 23, Ohio. 

+ 

John Cook, grinding department 
foreman, Norton Co., has retired 
after 43 years with the company. 

oe 

John E. Fries, Jr. has been ap. 
pointed chief metallurgist for the Na- 
tional Bearing Div., American Brake 
Shoe Co. 

” 

John J. Halvorsen has been ap- 
pointed director of technical services 
for the Mills Plastic Pipe Div., Con- 
tinental Can Co. 

o 

E. C. Graves, superintendent of 
fabricating, Carboloy Dept., General 
Electric Co., has been named super- 
intendent of product manufacturing. 

* 

Dr. Stanley M. Davis has bees 
named supervisor of the new identi- 
fication and physical measurements 
laboratory of the analytical section, 
American Cyanamid Co.'s Bound 
Brook plant’s Tecanical Dept. Frank- 
lin C. Dexter has been appointed 
special assistant to the manager 0! 
the analytical section and Dr. Isaiah 
Von was named a group leader in 
dyes development. 

_— 

Edward R. Maddock has beet 
appointed works manager of Worth- 
ington Corp.’s Decatur, Ala. works 

. 

Robert B. Heppenstall, Jr. 4 
been named general manager of the 
Bridgeport, Conn., plant of Heppen- 
stall Co. to succeed the late Alfred 
J. Porter. 


(News of Companies on page 200 
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UNMAIGHED 


LUBRICANT CONTROL 


conpor 


gives less leakage, less friction, 
longer life, greater economy 


i Diy 
» Di : 
S$ en | Only Conpor gives you a complete range of porosity control 
anize 

Conpor is not merely leather which has been. surface-coated with 
| an impervious elastomer. Conpor is a long-sought series of new 
ical di. ’ and vastly superior materials for lubricant sealing, in which 


a elastomer and leather are combined permanently to produce 
hodes the exact degree of porosity and lubricity required. Lubrica- 
milton tion of the sealing lip is controlled to give longer life and 

higher efhciency while objectionable leakage is minimized. 

Whether your application Conpor 7s not completely impregnated. 

irtment requires starved, semi- Conpor sealing members are compatible with a wide 
retired starved, or flooded sealing, variety of oils, hydraulic fluids, solvents, and gases. 
Bis: Conpor provides the exactly They remain flexible, heat stable, and fully operative 
en ap. right degree of lubricant for longer periods and at higher temperatures than 
we retesiing. any similar material. No other sealing material offers 


Conpor’s outstanding advantages, long service life, 


- Brake 
and low cost. 


TORES 


Let Chicago Rawhide engineers show you how to 


ee. <6 Conpor sealing elements give full- solve your sealing problems at lower. cost—with 
Crvices depth lubricant storage—from —\ Conpor. 
» Con sealing lip through the entire body. ot , 

—_,. Got “Report on Conpor”’ for complete 
oil al UBRICATES | ~~ = tests, popes ong magne a>) 
+ aes ’ ; and range of applications. Write: A. S. 
— ueteeet is cvoilable to the >. ES Berens, Plicasie Rawhide Mfe. Co., 900 N. 


super- 
furing. 


Niehimeciicla Mel a-te Mer; 
required. There is no 

: bees impervious film to endanger 
identi- lubrication. 

»ments 

=ction, 

Bound 


‘rank- . = f 
ointed q 8 
rer Ol 3 .. & 


Isaiah = CONTROLLED POROSITY 
os I. SIRVIS MECHANICAL LEATHER 


State, Elgin, Illinois. 








been 
7orth- CHICAGO RAWHIDE MANUFACTURING COMPANY 


vorks 900 North State ELGIN DIVISION Elgin, Iilinois 

) Executive Offices: CHICAGO, ILLINOIS. Representatives in these Principal Cities: Boston « New Yorx ¢ Syracuse * Burrato ¢ PHILADELPHIA 
rp, has 
yf the 
ppen- ’ Other C/R products 
Ifred 


Pittspurcu @ CincINNATI ¢ CLEVELAND © Detroit ¢ Peoria ¢ Minneapours «© Wicuita e Tutsa « Houston « Los ANGELES ¢ SAN Francisco ¢ SEATTLE 








O1L SEALs: Shaft and end face seals for all types of lubricant retention and dirt exclusion * SIRVENE (Synthetic rubber) diaphragms, 


boots, gaskets, and similar parts for critical operating conditions * Sirvis: Mechanical leather packings and related products. 








For more information, turn to Reader Service Card, Circle No. 477 
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tor the best In. 


*DuPont 
trademark 


Uniformity 


Since Teflon first became available, Controlled Density 


‘John Crane’’ has successfully 

engineered its application to solve 

innumerable and widely varying , 
problems. Typical of this is the Product Purity 
development of packings and other 

products for handling corrosive ° : 
liquids and gases. Other important Accurate Dimension 
examples include production of F 
electronic parts of high dielectric 

strength and low loss factor for vhf. 

uhf. and microwave insulation: also 

in the employment of its anti-stick 

characteristics in the handling of adhesive materials. 


These and other application developments are closely tied 
with “John Crane’s” fabricating technique, which has resulted 
in Teflon products of the finest uniformity, controlled density, 
product purity and accurate dimension. 


Teflon is available in rods, tubing or sheets or in special 
molded and machined forms such as bellows, “C-V" Rings, 
braided packings, valve discs, electrical parts, washers. dough 
sheeting rolls, heat sealing jaws and countless 
other forms. Glass, carbon or graphite filled 
Teflon is also available. 


Consult ‘John Crane” on your requirements. 
Send for 12-page illustrated catalog, The Best 
in Teflon, containing important data and sug- 
gested applications. Crane Packing Company, 


1827 Belle Plaine Ave., Chicago 13, Ill. 


In Canada: Crane Packing Co., Ltd., 
617 Parkdale Avenue, N., Hamilton, Ont. 








news of | COMPANIES 


Olin Mathieson Chemica Corp 
has acquired a substantial interest j, 
Hunter Engineering Co. 

* 

Newage International, | 
announced the opening of 
factory in Toronto, Newage (( 

Ltd. 


Minneapolis - Honeywell Regu. 
lator Co. has purchased the assets o 
Heiland Research Corp. The firn 
will be operated as a new Honeywell! 
division. 

” 

Federal Pacific Electric Co, has 

acquired Gardner Electric Manv.- 


facturing Co. 
* 


Corrosion Services Inc., Tulsa, 
Okla., an organization devoted to the 
installation and servicing of corrosion 
control systems for industry, has been 
named distributor for Dow magnesi. 
um anodes for the protection of 
underground and underwater struc 


tures. 
© 


H. K. Porter Co., Inc. has ac- 
quired a substantial majority of the 
common stock of Laclede-Christy 
Co. 


Pittsburgh Plate Glass Co. has 
started construction of its new 
$34,000,000 plate glass producing 
plant. Designed for straight line pro- 
duction, the plant will be nearly 
three-quarters of a mile in length. 

* 

Cooper Alloy Corp. is the new 
company name of Cooper Alloy Foun- 
dry Co. American Cyanamid Co. 
Research Div. has announced the 
organization of two new departments: 
the Basic Research Dept. and _ the 
Research Service Dept. Both are at 
the Stamford Research Laboratories. 

e 

New England Lacquer Co. has 
merged with Chemical Products 
Corp. 

° 

Ferro Corp. has completed a fur 
nace modernization program for the 
RCA Estate Appliance Corp. range 
plant in Hamilton, Ohio. 

e 

Kaiser Metal Products, Inc., !145 
announced that its Aircraft Div. has 
been renamed Fleetwings Div. This 
division will embrace all aircraft and 
military manufacturing and develop 
ment activities of the company. 

s 


(News of Societies on page 202/ 
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IN THE DESIGN and building of the products shown here, 
GM Steel Tubing plays an important part—either for the 
passage of liquids or gases, or as part of the mechanical structure. 
And these are but a few of the thousands of manufactured items 
that use low-cost steel tubing in place of more expensive materials. 
Examine your own requirements! You, too, may find you can 
improve design, speed production, and cut costs with ‘““The Tube Line 
That Rates a Buy-Line’”—GM Steel Tubing! 


SEE SWEET’'S 
PRODUCT ig SEND FOR BROCHURE 


DESIGN FILE — 

Re This new, illustrated, fact-packed bro- 
chure tells how GM Steel Tubing can 
help solve design and production prob- 
lems. Send today for your free copy. 


ROCHESTER PRODUCTS 


STEEL TUBING == biVISION OF GENERAL MOTORS, Rochester, N. Y., U.S.A. 


ALSO MANUFACTURERS OF ROCHESTER CARBURETORS AND ROCHESTER CIGAR LIGHTERS 


° For more information, turn to Reader Service Card, Circle No. 343 
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STAINLESS annul 
»O1UGK 2 


All types and sizes of screws 
(Phillips, slotted, hex head, As. 
socket), bolts, nuts, washers, 4 | 
rivets, keys and pins 


Over 9000 items in stock means immediate de- 
livery from one source 


New Garden City plant now operating at fop 
speed and quality 


Unsurpassed facilities for quantity fabrication of 
specials 


A staff of seasoned engineers always available 
for consultation 


Pioneers in the manufacture of stainless steel 
fasteners 


WRITE NOW FOR FREE COPY OF 
FASTENER MANUAL P25 


MANUFACTURERS SINCE 1929 


SCREW PRODUCTS COMPANY, INC. 
GARDEN CITY NEW YORK 


MALLEABLE — 
IRON CASTINGS 


give lower cost advantage 











Yes, Moline Malleable Iron Castings can show a 
savings in the parts you need that require strength 
and an ability to ‘“‘take it’’. 





Recent increases in the cost of steel, and con- 
squently weldments, make malleable iron castings 
more attractive than ever, price wise. Check the 
comparative costs yourself and see the difference. 


Good service, quality control and lower cost are 
3 reasons why your connection with Moline Iron 
Works can be a profitable one. Let us quote on 
your requirements. 


The parts shown here are 
representative ef our pro- 
duction for automotive, 
farm implement, appliance 
and railroad customers. 


WE SHIP QUICK! 
Phone 4-5676 for Service 


MOLINE 


IRON WORKS 


Meline, Illinois, U. $. A. 
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news of | SOCIETIES 


Investment Casting Institute », 
cently held its second annual meetin, 
in Chicago. Technical sessions jn, 
cluded talks and discussion by natio, 
ally known authorities on such top; 
as: Proper Gating, Sprueing and 
Risering; Metal and Mold Temper, 
tures; Melting Techniques; Hey 
Treatment, and Investments 

+ 


Franklin Institute has announced 
that a Francis J. Clamer Medal yl 
be awarded to William Justin Krol} 
Corvallis, Ore. The Institute honors 
Dr. Kroll “In consideration of his 
invention of a method adaptable to 
the large scale production of cold 
malleable commercially pure titanium 
and zirconium’’. 

* 


The American Society of Me. 
chanical Engineering has an. 
nounced that E. Q. Sylvester, execu- 
tive vice president, Griffin Wheel 
Co., has been named to receive the 
Melville Prize Medal. The award is 
conferred annually for the best paper 
on a mechanical engineering subject 
presented for discussion and publica- 
tion to the Society. 

- 

Pressed Metal Institute at its 
sixth annual meeting elected as its 
president, Samuel Morrison, presi- 
dent, Morrison Steel Products, In 
Elected vice presidents of the Institute 
were: J. J. Boehm, president, Boehm 
Pressed Steel Co. and C. Glenwood 
Rose, president, Judson and Rose, Inc. 
W. B. Gemmill, treasurer, American 
Stamping Co., was elected secretary- 
treasurer. 

~ 

American Society of Mechanical 
Engineers has announced that Walter 
A. Shewhart, research statistician with 
Bell Laboratories, has been named to 
receive the Holley Medal. This award, 
which is administered by the Society's 
Board on Honors, is conferred to 
“one who by some great and unique 
act of genius of an engineering n2- 
ture has accomplished a great and 
timely public benefit’. The Society 
has also announced that Emmett F. 
Day, associate professor of mechani- 
cal engineering, University of Wash- 
ington, Seattle, has been named to 
receive the Pi Tau Sigma Gold Medal 
Award. The Medal is given annually 
to a young mechanical engineer for 
outstanding achievement in his field, 
within ten years following graduation 
from a regular four-year mechanical 
engineering course in an accredited 
American college or university. 
(Meetings & Expositions on page 20+) 
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1g na- ' as F en,  yaaag @No matter how much your ma- 
t and chines may bend or crimp or bite 
society \ ’ . Youngstown Wire, its superior quali- 
tt E ties pay off in better wire products. 
— Reasons: Youngstown Wire is uni- 
chani- form in diameter—has no injurious 
W ash- imperfections—is rigidly inspected 
ed to to insure the exact ductility and 
Medal other qualities you want. Call our 
BRIGHT BASIC WIRE nearest District Sales Office for 
nually prices and delivery dates. 
er for 


field, 
vation THE YOUNGSTOWN SHEET AND TUBE COMPANY iin! Sif{ci¥ily su 





anical . , , ‘ : = . , 9 ii —_ 
edited General Offices: Youngstown, Ohio - District ‘Sales Offices in Principal Cities 
SHEETS - STRIP - PLATES - STANDARD PIPE - LINE PIPE - CNL COUNTRY TUBULAR GOODS - CONDUIT 
le AND EMT - MECHANICAL TUBING - COLD FINISHED BARS - HO ROLLED BARS - BAR SHAPES - WIRE 
i) HOT ROLLED RODS - COKE TIN PLATE - ELECTROLYTIC TIN’ PLATE - RAILROAD TRACK SPIKES 


For more information, turn to Reader Service Card, Circle No. 412 
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ARMSTRONG (2) CE0/\/ | | weetigs and Exposition 
ADHESIVES FOR BONDING | | tnceting St Louis Ne 
METAL S as 


| AMERICAN STANDARDS Assoc] 
Users everywhere report highly satisfactory results with Armstrong Adhesives for bond national conference. Nev 
ing metals either to themselves or to many gam pe ae ee Nov. 15-17, 1954 
other materials such as thermosetting plas 








1 


VicdSS ind | ird rubbse T 2 . : : AME RICAN GAS ASSOC [ATION 
Tensile shear streneths up t 3.000 P.S.IL. on es . : ing section, organization m 


aluminum alloy and 4,500 P.S.I. on steel ; ; New York. Nov. 15-18. 195 
Write for new brochure describing our com- pA we. 


plete line of adhesives and epoxy resins for ses - ‘ NATIONAI ASSOCIATION OF Ci 
potting, casting and laminating. Recom ¢ SION ENGINEERS, Western Rez 
mendations for specific bonding problems ee annual conference. Los An 
given prompt attention. — Bs me Nov. 18-19, 1954. 

FIVE STANDARD GRADES AVAILABLE | - ao P eee AMERICAN SOCIETY OF MECHANICA 
A-1| Adhesive (Reddish Brown). A general ere cae: ENGINEERS, annual meeting. 
purpose adhesive having good all around eM - EE | ae York. Nov. 28-Dec. 3, 1954 
mechanical strength properties. — 

A-2 Adhesive (Off-White). Has somewhat 
better electrical resistance properties than 
other grades. Because of its color this ad- 
hesive is used quite extensively in bond- — ; 
ing ceramics f SOCIETY OF THE PLAsTICs INDustry, 

ss , INc., Film Sheeting and Coated 

A-3 Adhesive (Black). Has properties sim- Fabrics Div. conference. New You 
ilar to the A-1. It can be used in place of Dec. 7-8. 1954. 
the A-1 where the black color is desired. ' ‘ 

- r : ° NSTITUTE OF THE ERONAUTICA 

A-4 Adhesive (Aluminum Gray). Somewhat heavier in viscosity --——<<—< —-- ScIENCES. INC.. Wright Br eae 

® j OUIEL! KO, INU., Ot! S 
and has greater tackiness than the above grades. Ideal for ! TRIAL KIT Saauies, ‘Wishinaian BD c Dec 
e ° ° . ‘ = - s : rs a : ; € 
use on vertical surfaces where less viscous materials might ! Trial Test Kit, in- 17. 1954 . 
tend to run. Tensile shear strength same as A-l. | cluding activators, : 
: aes : , . 4 $1.00 each, F.O. B. SOCIETY OF AUTOMOTIVE ENGINEERS 
A-6 Adhesive (Dark Gray). This formulation was designed pri- ' Warsaw, Ind. Sent . 1 


: , : : 4 i annual meeting. Detroit. Jan. 10 
f ? * bo 1 luminum and is recommended for use on ! postpaid in U. S. or | - 

marily for bonding a Canada if remittance 14, 1955. 

copper and copper alloys. accompanies order. | 

Each kit contains a | INDUSTRIAL HEATING EQUIPMENT? 


MW eccicr TUS MLU HUN Sccetetecrass | | Asoctton, Inc anal ne 


tics, ceramic, wood, 


KU- 
On 


| 
é 
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\ 
New 


AMERICAN INSTITUTE OF MINING 
AND METALLURGICAL ENGINEERS 
electric furnace steel conferenc. 
Pittsburgh. Dec. 1-4, 1954. 





; Specify grade desired. 
WARSAW, INDIANA | SOCIETY OF THE PLASTICS INDUSTRY, 
—_—$ : ; ; INC., Reinforced Plastics Div. con- 
ference. Los Angeles. Feb. 8-10, 
1955. 


AMERICAN INSTITUTE OF MINING 
AND METALLURGICAL ENGINEERS. 


annual meeting. Chicago. Feb. 14- 
BIG SAVINGS seins 


ee. SOCIETY OF THE PLASTICS INDUSTRY 
 —= CANADA, INC. Canadian conference 
on ii London, Ontario, Canada. Feb. 











PRECIOUS 22-23, 1955. 


A ————- METAL SOCIETY OF AUTOMOTIVE ENGINEERS, 
. Sz j passenger car, body and materials 
— meeting. Detroit. March 1-3, 1955. 
CONTACT METALS | De: } STEEL FOUNDERS’ SOCIETY OF AMER- 
- 4 9 ae ‘ ICA, annual meeting. Chicago. 
; March 14-15, 1955. 

nae thee advantage Precious SOCIETY OF AUTOMOTIVE ENGINEERS, 
metal offers . . . conductivity, non- production meeting and forum. 

Sarosivencts: Sue tensile . . . but Cincinnati. March 14-16, 1955. 

pay for it only where it is needed. A 

: MERICAN SOCIZTY FOR METALS, 
Improved laminated metals are per- Mabinus 1... Western metal congress and exposi- 
manently bonded together, and you 





- METAL tion. Los Angeles. March 28-April 
get extra benefits by having a strong, \ 1, 1955. ' F 


“ikea hepa base metal. Subenit tang SOCIETY OF THE PLASTICS INDUSTRY, 
specifications for prompt quotation. Inc... Pacific Coast Section. confer: 
Start now to enjoy IMPROVED ence. Palm Springs. April 13-15, 
products . . . IMPROVED savings. 1955. 
BASE METAL | AMERICAN SOCIETY OF LUBRICATION 
; ENGINEERS, annual meeting and ex- 
hibit. Chicago. April 13-15, 1955. 
The Home of IMPROVED Service SOCIETY OF AUTOMOTIVE ENGINEERS, 
Rhode Island‘s largest manufacturer aeronautic meeting, aeronautic pro 
of Laminated Metals duction forum and aircraft eng'- 
neering display. New York. Apri! 


The IMPROVED SEAMLESS WIRE COMPANY Ya tai 


INCORPORATED 1898 Basic Materials Conference and Ex- 


775 Eddy Street, Providence 5, Rhode Island position. Philadelphia. May 31- 








June 3, 1955. 
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now producing precision investment 
castings for western industry 


opens plant number 4 


The growth of western industry and its exacting requirements 
have brought to California Arwood’s fourth investment casting 
plant. Here you’ll find the advanced tooling, metallurgical, and 
testing facilities necessary to serve you with the highest 
quality of precision investment castings. Small, intricate, 
investment-cast parts require no machining . . . quantities of 


these parts can be cast in unmachinable metals . . . and several 
parts can often be cast into a single assembly. Applications 
are virtually unlimited. 

Arwood’s engineers will be pleased to show you how you can 
save money and time. Won’t you phone us or visit our plant? 
Technical consultation is free of obligation. 


With the new California plant in full operation, Arwood’s three 
eastern plants have been relieved of considerable overload. As a result, Arwood 
is able to extend more service to its customers throughout the nation. 
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70 Washington Street -* 
PLANTS: Groton 


Brooklyn 1, N. Y 
Tilton, N. H 
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For Your Ferrous 
Casting Needs 
Get These... 


6, 


Freedoms 


Freedom from 
Porosity 
High Cost Material 
Expensive Machining 
Metallurgical Variation 
with 


PERMANENT MOLD 
Gray Iron Castings 


Refrigeration 
VALVE BODY 


: Water Softener 
i +» VALVE BODY 





ing Machine 
ECTOR GEAR 


Air Compressor 

CRANKCASE 
Permanent Mold Gray Iron Cast- 
ings by DOSTAL offer many ad- 
vantages. Their structure is uni- 
form and surface scale is elimi- 
nated. These 2 factors permit 
higher speed machining with 
faster feeds. The dimensional 
accuracy and uniformity of 
DOSTAL Permanent Mold Cast- 
ings reduces machining oper- 
ations toa minimum. Permanent 
molded castings are uniform in 
hardness and their structure is 
re fctah tomes fale Mm olelacliitiaacl= 


W rite ( Now Find out aleke 
you 


produ 


DOSTAL 


FOUNDRY ond MACHINE COMPANY 


2510 Williams Drive 
step Men 1 OME aelal ils Sm ialiaa 
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Army Barges . . . continued from poge 13 


find wide application in bonding flat 
ind compound curved sandwiches fo: 
many uses. In working out methods 
for hand lay up of large vertical 
plass-fiber and polyester surfaces, the 
engineers found that conventional! 
polyesters had a tendency to run, 
leaving higher areas resin-starved. 
The problem was solved by using the 
new thixotropic polyester resins. A 
mechanical impregnator is used to 
apply the resin to the cloth. 

The barge is sectionalized for eas} 
transportability into 15 separate as- 
semblies. The sections were so de 
signed that they have a maximum 
width of 10 ft in order to fall within 
railroad and highway limitatons and 
aircraft cargo hold dimensions. The 
barge is assembled in the water with- 
out spect: il tools or skill. 

Engineers on the project developed 
and tested several types of fasteners 
for use in conjunction with the sand- 
wich material. They also developed 
a method for testing the adherence 
of the skin to the honeycomb, and 


against aging and storage fa 


The dimensions of the assembled 
barge are: Length 51-ft beam 7 
8 in. It is powered by two a 


| 


diesel engines, which give it 
speed of 14 mph. 

The aft main hull section, contain 
ing the engine room, pilot | 


ec. 
crew's quarters, day tank, shafting 
and propellers is essentially of iI] 
plastic construction. The hull ind 


main superstructure are of sandwich 
construction, while the decks are of 
solid laminate. A particularly inter. 
esting use of plastic is found in the 
deck over the engine which is left 
in its natural translucent state to pro- 
vide daylight illumination of the 
engines. Fuel tanks, water tanks, 
and even the crew’s sink are made of 
plastic. 

The prototype model of the barge 
was built by the Plastics Div. of the 
Englander Co. W. R. Chance and 
Associates, in cooperation with the 
Transportation Research & Develoy 
ment Command, designed the vessel 




















ran many tests for resin suitability (Mo 


’S 
NEY SMALL PARTS 
PLAY A B | € PART IN 


PRECISION INSTRUMENTS 


The accurate transmission of electrical im- 

pulses through a movable contact is depend- 
ent t solely upon the p ger of that contact. 
Illustrated at the right is a Keté ay Synchro, 
which is the heart of many siechahon indicat- 
ing, communicating and control devices. Ke- 
tay is noted for Synchros and Resolvers cap- 
able of extreme accuracy. Therefore, Ney 
Precious Metal Contacts have been selected 
because of their practically ideal physical and 
electrical properties. 

Ney Precious Metal Alloys have high re- 
sistance to tarnish, are unaffected by most 
industrial corrosive atmospheres, and are fab- 
ricated into slip rings, brushes, commutator 
segments, wipers, contacts and similar com- 
ponents for use in electrical instruments. 
Call on the Ney Engineering Department for 
help in selecting the right Ney Precious Metal 
Alloy which will improve and prolong the 
life and accuracy of your instruments. 


THE J. M. NEY COMPANY 
105 ELM STREET, HARTFORD 1, 
Specialists in Precious Metal Metallurgy Since 1812 


7NYS4B 


For more information, turn to Reader Service Card, Circle No. 334 


MATERIALS 





208) 





METHODS 





. When casting requirements call for ZINC, 
call Monarch. Since 1938 Monarch has been die- 
casting zinc for a wide range of applications. Our 
experience gained in casting both aluminum and 
zinc allows us to offer unbiased engineering 


consultation toward adapting the best metal and 


method for your requirements. Monarch’s practi- 
cal approach to all types of casting and finishing 
methods has gained increasing acceptance by 
leading manufacturers—resulting in better end 
products at lower end cost. 
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CERTIFIED ZINC CASTINGS 

OFFERS YOU 5 ADVANTAGES: 

e Excellent strength and ductibility 
Closer cast tolerances 


Savings on machining 
Ease of finishing 


Low metal cost in relation to weight 


MONARCH 


ALUMINUM 
MEC.COM PANY 


Detroit Ave. at West 93rd Street 
Cleveland 2, Ohio 


ALUMINUM Permanent Mold Castings » ZINC Die Castings » Aluminum Die Castings « MACHINING » FINISHING « ASSEMBLY 
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Less atmosphere, lower cost | 
boned 





Ammonia Dissociator. 











S&W “A” type furnace used in conjunction with S&W 
Low openings at both ends 
prevent infiltration of air, seals gases in furnace. 


“A” TYPE CONVEYOR FURNACE 


In producing brazed or annealed work with a bright surface finish, you can sharply cut operating 
costs by reducing atmosphere volume required. With this S&W full muffle wire mesh conveyor 
belt furnace you get uniform high quality production, combined with lower operating cost than is 





Doors Open 8” Above Belt! 


One S&W “A” Type Furnace now used to 
bright copper braze stainless steels has 
8’ clearance above belt — contradicting 
usual belief that working height of con- 
stantly opened furnace doors must be 


possible with conventional straight-through 
type furnaces. Of special interest to stainless 
steel processors, it is particularly suited for 
such high production heat treating operations 
as bright annealing, bright hardening, bright 
brazing and case hardening. Ask for our inter- 
esting data on how this cost-cutting S&W fur- 
nace is currently used to do better work at 


News Digest 





Research a Gamble 


Scientist Warns 


Only one research project in twenty 
is brought to a financially successfy! 
conclusion, Dr. Gustav Egloff told 
members of the American Chemical 
Society in their recent New York 
meeting. Dr. Egloff, research directo; 
of the Universal Oil Products Co. 
Des Plaines, IIll., said one of the 
world’s largest companies estimates 
that it spends four times as much 
on unsuccessful projects as it does on 
successful ones. He spoke at the 
society's symposium on costs in 
chemical development. 





less than 3’ to get bright work. Ask 
about other ingenious installations. lower cost. 

Write today for details on S&W Full Muffle 
“A” Type Conveyor Furnaces. State your 
regular requirements — we'll advise without 


obligation. 


SARGEANT & WILBUR, INC. 
181 Weeden Street, Pawtucket, R. I. 














Expenditures Rise 

Nationwide expenditures for scien- 
tific and engineering research and 
development in 1952, the latest year 
for Labor Department figures are 
Complete Line of Electric and Fuel-Fired Furnaces To Meet Every Industrial Need available, showed a 40% increase 
Atmosphere Generators * Ammonia Dissociators * Gas Conditioning Equipment | over 1949 and totaled about 3.75 
billion dollars, Dr. Egloff said. More 
than two and one half billion of this 
was for work done in facilities owned 
or operated by private business, in- 
cluding 1.1 billion for work done for 
the government. Research performed 
in colleges and universities amounted 
to 420 million dollars. The govern 
ment spent 800 million dollars for 


ona f to research in facilities which are its 
You Name i, °  Gicneadt has it! Own. 


Big or small, Stanwood engineers have 

likely designed a basket suitable to 

your requirements “Although it is generally agreed 

efficiently handle your parts through | and statistically correct that research 

heat-treating, quenching, pickling or bright | P#Y® Dr. Egloff said, “a smaller 

dipping. Stanwood Baskets are noted CORO Ee eee ] 
for proper design, proper materials P 


mind several factors. The chance that 
... longer service. Meet your needs from a specific research investigation will 
our hundreds of designs . . 


result in a large enough financial 
* OR WE'LL MAKE IT TO YOUR "SPECS!" 


return to cover its costs is consider- 
bl l h ° e -all 
With any heat-treating problem... ee ae ore The over 
to make good... try Stanwood! 











Risky for Small Concerns 
that will more 





profit from research results from an 
occasional project producing results 
of such value to more than offset 
the cost of a number of failures. A 
company initiating a research pro- 
gram should do so fully understanc- 
ing that a considerable amount o! 
money may be spent and much tim« 
may elapse before the venture 1s 
financially successful.” 


RETORT ASKETS CARBURIZTING FIXTURES 
— 4 ; BOxEs 





4813 W. CORTLAND ST. (More News on page 210) 
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Feed rolls push barstock through TOCCO Induc- 
tion Coils to heat stock to 2350°F for forging. 





with TOCCO Induction Heating 


FASTER PRODUCTION— 4200 nut blanks per hour—twice the output of a con- 
ventional hot punching machine—that’s the result of Lamson & Sessions Com- 
pany’s new automatic production set up with TOCCO Induction Heating. 


OTHER ADVANTAGES—TOCCO delivers exact tem- 
peratures (2350°F, plus or minus 25°) and delivers 
them so fast that scale has little time to form. Scale 
loss has been reduced to only about 1% for hot-rolled 
stock. TOCCO is clean and cool, fits right into the 
production line—no hauling to and from the heat- 
treat department—no unpleasant radiant heat to annoy 
workers. 


HERE’S HOW IT WORKS—Steel bars up to 1%" diam- 
eter are fed through TOCCO Induction Coils. The 
first two coils, operating off a 300 kw, three kc TOC- 
CO motor-generator set, preheat the rod. The third 


THE OHIO CRANKSHAFT COMPANY 


coil which operates from a TOCCO 250 kw 10 ke 
generator then boosts the rod to forging temperature. 
The hot rod then is fed to the special hot nut former 
(designed and built by NATIONAL MACHINERY 
CO.) which shears the rod to suitable lengths, forms 
the part and spits out the nut blank—ready for tapping. 


In your search to find sound methods of increasing 
production, improving products and lowering costs, 
don’t overlook TOCCO Induction Heating. If your 
products require heat treating, soldering, brazing or 
forging, it will pay you to investigate TOCCO for 
better, faster ways of producing thematlowerunitcosts. 


mee weww Mai] Coupon Today ~~ rns 


| FREE 


BULLETIN 


THE OHIO CRANKSHAFT CO, 
Dept. T-11, Cleveland 1, Ohio 


Please send copy of “Typical Results 
of TOCCO Induction Heating for 


Forging.” 
Name. 
Position 
Company. 
Address 


Zone State 
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They are if your company still 
machines complicated small parts 


from solid bar stock. 


Precision Investment Castings by 
Gray-Syracuse, Inc. will elimin- 
ate much of this costly waste. 
This is the proven method for 
making small parts to size in any 
ferrous or non-ferrous casting 


alloy. 


We will be glad to show you 
how you may get uniform, ac- 
curate parts and assemblies pres- 
sure Cast as a unit without ex- 
cessive machining and high scrap 


losses. 


For better parts at lower costs, 


call on 


GRAY-SYRACUSE 
eee 


107 N. Franklin Street, Syracuse 4, N. Y. 
Small precision castings of ferrous 


and non-ferrous alloys. 





Gray-Syracuse, Inc. 

107 N. Franklin Street 

Syracuse 4, N. Y., Dept. ‘‘A”’ 
Please send me literature on 
Precision Investment Castings. 


Sno 68 6 0.6 8.64 8 616 8 616.66. ¢ 
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Write today for “‘McDanel 
Industrial Porcelains’’ catalog 


News Digest 
GM Plans to Build 


Isotope Laboratory 





General Motors Research Labora- 
tory has announced plans to open a 
radioactiv isotope re search laboratory 
at its new Technical Center near 
Detroit. 

According to Charles McCuen, 
general manager of General Motors 
Research Laboratories, the lab will be 
one of the largest privately owned 
industrial isotope facilities in the 
country. The laboratory work will be 
confined to isotope ‘‘tracer studies’’- 
not research in nuclear physics. 

In the chemical field, the company 
plans to study engine combustion and 
durability of paints and finishes. They 
hope to learn more about tool wear, 
design, materials, durability, and lu- 
brication in the metals field. 

Decision to go ahead with an inde- 
pendent isotope laboratory came as a 
result of a long series of design con- 
ferences with the AEC. From time 
to time during the past six years, 
personnel from the research labora- 
tories have been attending AEC spon- 
sored training courses at Oak Ridge 


Mc Danel—the original—Metal Covered Grind- 
ing Jars never chip, crack or break. You use 
them and use them till they are worn out com- 
pletely; and then, for a fraction of the cost, a 
new liner can be substituted for the old. 


McDanel Jars are quality, long wear porcelain 
with heavy gage metal case. They are easy to 
handle, to clean, to discharge. They come in 
standard sizes and jar and cover surface are 
Precision ground to fit to prevent leaks. 


McDanel Jars are provided with rubber tires 
for roller machines. These tires are securely 
held in place by metal lugs spot welded to 
the case. McDanel offers the very latest and 
best in Grinding Jars—yet McDanel Metal 
Covered and All-Porcelain Grinding Jars cost 
no more. 


] 


Porcelain Laboratory Mill Jars 


jem EASY 
< 7 POURING 
LB 
eh ( _7 UD 


for developing industrial uses of jgo. 
topes. The new lab will alloy GM 
researchers to put their new tech. 
niques to work. 


Sudbury Cobalt 

T ° 
Now Flowing 

As a result of improvements jp 
refining techniques, the International 
Nickel Co. of Canada has initiated 
production of electrolytic cobalt a 
its Port Colborne Refinery. It is the 
first commercial production of cobalt 
in Canada. 

The electrolytic cobalt will be par- 
ticularly valuable for the manufac. 
ture of high purity alloys such as 
those used in turbojets. Heretofore. 
Inco’s entire cobalt output has been 
marketed as oxides and salts pro.- 
duced at this Clydach, Wales, te. 
finery. 

The extra source of cobalt on the 
American continent is strategically 
significant, since the alloying metal 
has been critically scarce as a result 
of the need for high temperature 
resistant materials in aircraft and 
other military production. 

The cobalt comes from the com 
pany’s fabulous Sudbury District 
properties, which yield 13 differeni 








McDANEL REFRACTORY PORCELAIN CO. 


BEAVER FALLS, PENNA. 


GRINDING BALLS . . . MILL LINING BRICK... 
MAIL, HEAD ASSEMBLES . . . TANK & DRYER LININGS 










For more information, turn to Reader Service Card, Circle No. 480 


MATERIALS & METHODS 








Obalt 
DE Par- 
inufac 
uch as 
Corore. 
S been 
N pro- 
bo, fe 


on the 
gically 
metal 
result 
‘Trature 


ang 


COM 


istrict 


teren; 

















nin nella bean ana acinar 








Torsional vibration damper, courtesy 
Houdaille-Hershey Corporation 


Rate-measuring gyroscope, type K, 
courtesy Doelcam Corporation 


IDEAL FOR DAMPING! 


Their flat viscosity-temperature curve, stability at 
elevated temperatures, nearly Newtonian viscosity 
characteristics and ability to resist breakdown 
under continual high-shearing stresses make G-E 
Viscasil fluids ideal for all kinds of viscous dampers. 


EVALUATE G-E VISCASIL FLUIDS NOW! 


Now is the time to begin your evaluations of these 
new fluids. They are destined to revolutionize many 
current design concepts. Through them you may 
achieve simplified designs, increased product relia- 


! 
bility and performance—even new products never Section 2463-1B ; 
possible before. As you “imagineer” with them, re- an te ven 
member to free your thinking from the design limi- Please send me product data on G-E Viscasil fluids. I want | 

; ; ; : this for ( ) Reference purposes only ( ) An immediate | 
tations imposed by conventional materials. G-E - 

, , : , ; application on 
Viscasil fluids often dictate the design! i | 
! 

ope . ! Positi 

G-E silicones fit in your future coe —_— | 
| Firm 
GENERAL @j ELECTRIC | 3 : 
| City __Zone__State 





FOR NEW IDEAS IN PRODUCT DESIGN 











General Electric’s new Viscasil fluids offer tremendous 

potential for new product design and present product 

improvement because of this unusual combination of, 

properties: 

@ Relatively small change in viscosity- over a 
wide temperature range 

@ Outstanding heat resistance 

@ Outstanding resistance to shear breakdown 

@ Unusual chemical inertness and stability 


@ Compressibility — far greater than other fluids 


Available in viscosities from 1,000 to 100,000 or more, 
centistokes, these versatile silicone fluids are ideal for, 
such applications as: 
Torsional vibration dampers 
Dashpot dampers Shock absorbers 
Fluid couplings Servo mechanisms 


Electrical, release, pharmaceutical 
and cosmetic applications 


CLIP AND MAIL TODAY! 


General Electric Company 


























1N CANADA: Mail to Canadian General Electric Company, Ltd., Toronto 
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Cut 
costs, speed 
inspection, with 
understage 
illumina- 
tion 


Bausch & Lomb BENCH COMPARATOR 
Save every way! No costly holding fix- 
tures needed for most work. No time-wast- 
ing set-up. Easy operation quickly provides 
vivid screen image, reveals costly produc- 
tion errors. Micrometer stage (optional) 











reads to .OOO1”. 2 


f Bausch & Lomb CONTOUR 


MEASURING PROJECTOR 
Quickly, easily shows 
sharp silhouettes or de- 
tailed surface views on 
18” screen ... for inspec- 
tion, comparison, or high- 
est precision measure- 
ments. Linear readings to 
0001"; angular, to 1 min- 
ute of arc. 














Bausch & Lomb ey 


TOOLMAKERS’ MICROSCOPE 


Quickly measures or in- 
Spects Opaque or transpar- 
ent objects of any contour. 
Linear readings to .0001”; « 
angular, to 1 minute of arc. 


SOLD AND DISTRIBUTED EXCLUSIVELY BY 
THE DoALL COMPANY For full informa- 


tion call your local DoALL Sales-Service 
Store, or write: The DoALL Company, 
254 N. Laurel, Des Plaines, Illinois. 


BAUSCH 6 LOMB 


SINCE 


INSTRUMENTS 











News Digest 





elements. While nickel is th 
cipal product, the others are 
palladium, platinum, rutheni 
dium, rhodium, gold, silver, s 
and tellurium. Many of thes 
have increased manyfold in in 
importance in the last few j 


Plastic Tooling 
Status Revealed 


Plastic tooling for forming plas 
tics has generated industry-wide inter. 
est as a result of its cost-cutting 
potential. At a recent meeting o| 
the New York Chapter of the Societ; 
of Plastics Engineers, Dr. W alter 
Brenner summed up some recent in- 
novations and warned that plastic 
tooling as it now stands is not a 
production panacea. Dr. Brenner. 
Chief Chemist at East Coast Aero- 
nauticals, Inc., cautioned his engi- 
neering audience that plastic tooling 
should be used most judiciously and 
only where it can provide definite 
production advantages. He struck 
hard at the prevailing notion that 
unskilled employees can produce plas- 
tic tools. Not so at all, he claimed. 
Tooling is basically precision work, 
and where precision is required, so 
is competent labor. Saving payroll 
pennies can mean a loss compounded 
many times by an inaccurate tool 

Dr. Brenner revealed that his con 
pany uses epoxy, phenolic, and poly- 
ester molds for forming reinforced 
plastic and thermosetting plastic parts 
They have had some success with 
heated matched plastic dies for form 
ing reinforced plastic moldings. The 
heated dies are metal-filled epoxy 
resins with copper heating coils or 
low voltage resistance heating ele- 
ments cast into the tool. The hot-die 
technique is far from perfected, how- 
ever, and work is continuing on 
methods to secure uniform heat dis- 
persion. The low heat conductivity) 
of plastic dies is, of course, the major 
dificulty in hot die work. 


Stresses Proper Resin Use 


A second speaker at the SPE meet- 
ing, Dr. R. Nelb from Naugatuck 
Chemical, stressed the need for imag 
inative applications of the resins now 
available, and pointed out the vital 
importance of proper engineering i” 
all applications. 

Dr. Nelb pointed out that the grea 
period of new resin synthesis ha 
abated, and now the plastics industr 
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100% FORCED CONVECTION UNITS 
por 
PRODUCTION RUNS 
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nine <4 The Ipsen 800 Lb./Hr. Automatic Heat Treating 
0 Unit. Features two heating chambers. Hearth dimensions 
y al d are 24” wide x 36” long x 18” deep. Maximum operating 
finite temperature is 1850° F. 
truck 
that 
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ol era STANDARD UNITS NOW AVAILABLE UP TO 2000 LB./HR. CAPACITY 


Con 


poly- Shown above is the Ipsen 800 Lb./Hr. Automatic Heat Treating Unit, typical of a 
rced proven line of furnaces designed for heavy production requirements. The Ipsen T-800 
arts economically provides quality heat treatment of a larger volume of workpieces... 
with from smallest screws to the largest gears. Among advanced engineering features of 


orm the T-800 are: 
The 


pOXy |} Automatic Loader—which also acts as transfer mechan- Two Independent Heating Chambers—with separate con- 
$ of | ism to move work load from first to second heat zone trols. Heating by radiant tubes, located in back of baffles, 
ele- without loading delays. Movement of load from second eliminates radiation from tubes to workpieces. 100% 
t-die zone to cooling-quench chamber is done automatically forced convection heating! 
10W- by Ipsen cold chain drive. 

on 

dis- f) Totally Enclosed Cooling-Quench Chamber—Controlled at- Engineered for Versatility—Each self-contained Ipsen 
ivity / mosphere in both heat and quench zones gives you Metal Treating Unit can harden, carburize, =~. 
ajor “ bright, scale-free results. carbon restore and carbonitride. = 


For Wore Datla _ write today for specifications 


and descriptive literature. If you desire, send samples of your 
work for processing and for an estimate of cost. 
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IPSEN INDUSTRIES, INC. 720 SOUTH MAIN STREET, ROCKFORD, 
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ARE YOU SEARCHING FOR 


HIGH PERFORMANCE 
BEARINGS? 


SELF-LUBRICATING 


West Wha Otis Your! 


EXCELLENT DURABILITY © CONSTANT 
COEFFICIENT OF FRICTION © APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 


sovibiries on cansomizes © OPERATE DRY, OR AT | 


HIGH SPEEDS SUBMERGED IN WATER, 
GASOLINE OR OTHER LIQUIDS © EXCEL- 


LENT FOR CURRENT-CARRYING BEARINGS | 


GRAPHALLOY materials are also in wide use 
for oil-free, self-lubricating piston rings, seal rings, 
thrust washers, friction discs, pump vanes, etc. 


Cher Craphalley Poduca 


neocnpreonted 


BRUSHES | 
OC 


CONTACTS: 


For applications requiring low 
electrical noise, low and con- 
stant drop, high current density 
and minimum wear. Used for 
SELSYNS, DYNAMOTORS, 
SYNCHROS, ROTATING 
STRAIN GAGE pick-ups and 
many other applications. Brush 
Holders and Coin Silver Slip | 
Rings also available. 


RAPHITE METALLIZING — 


1010 NEPPERHAN AVE. * Yonkers, New York 


[_] Please send date on Graphalley Oil-Free BUSHINGS. 
[_] Send date on BRUSHES and CONTACTS. 
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is entering a period of applicational 
refinement which will result in prop- 
erly for the 
this stage 


engineered uses resins 
have. At in the 
the industry the 
emphasis is On resin refinement and 
modification rather than on radically 
new discoveries. Compounding resins 
to gain specific properties and stand- 
ardization of techniques are the two 
most promising and challenging di- 
rections for plastics engineering, Nelb 
claimed. He said that since plastics 
have emerged as unique materials 
with unique properties, cost reduc- 
tion should not be the prime con- 
sideration in using plastics. Rather, 
they should be selected on the same 
basis as all engineering materials and 
not as substitute materials. 

In reply to questions from the 
floor, Nelb commented that the radia- 
tion cure of plastics is promising, but 
much work is still ahead before any 
economic appraisal can be made. 
Radio frequency heating for shorter 
cure times is of more immediate 
interest as a substitute for oven cure. 


we how 


erowth ol plastics 


| Columbium-Steel 
Welding Approved 


The American Society of Mechani- 
cal Engineers recently approved the 
use of Carpenter Stainless No. 20 Cb 
| plates, pipe, tubing, bars and forg 

| ings in welded construction. 

According to a report of the 
ASME Boiler Code Committee, the 
alloy may be used in the construction 
lof welc led pressure vessels provided 
| certain specifications and fabricating 

procedures are met. Nine such re- 
| quirements are set forth in the study, 
| designated ASME Case 1188. 

| The No. 20 Cb grade has been 
} Foceneins specifically for those ap- 
plications which involve welding dur- 
ing fabrication, and for those in 
which the parts must be placed in 
service in the as-welded condition. 
The addition of Columbium to the 
original Stainless No. 20 alloy mini- 
mizes the precipitation of carbides 
during hot working. This permits 
use of the welding process in fabri- 
cating equipment too large for subse- 
quent annealing. 

Stainless No. 20 Cb can be welded 
by any of the standard electric arc 
and resistance welding’ processes. 
| Oxyacetylene welding is not recom- 


| 
| 
| 





'mended. Sound weld deposits can be 
| obtained by using the welding tech- 
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SCREW 
MACHINE 


$14.00 


per thousand 





COLD 
HEADED 


$9.20 


per thousand 














8.80 


per thousand 


SAVING 








How about your fasteners or small parts? 
Have you had an estimate from HASSALL? 


This is a typical example of how HASSALL 
saves thousands of dollars for cost-con- 
scious manufacturers in hundreds of in- 
dustries. This part is made in one piece 
by cold heading .. . the part is not only 
lower in cost but also stronger and just as 
accurate. Savings amount to $8.80 per 
thousand and this manufacturer used hun- 
dreds of thousands a yearl 


Perhaps your parts can be made by this 
better, lower cost method. Send samples 
or sketches of your parts for a prompt, 
$ $ $ saving quotation. 


@ Send for 3 color decimo! 
equivalent wall chart. 


@ On request, 36-page 
catalog. 


JOHN 
HASSALL, INC. 


HASSALL 
our 


e 


P. O. Box 2174 Westbury, Long Island, N. ’: 


For more information, Circle No. 476 
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When those small metal parts call out, 
“Hey, cleaning time!”’ 

And you have to remove scale, old 
paint, rust or grime.. 





You can clean them in seconds and save 
money, too 

Pangborn’s Blast Cleaning Cabinet's 
made just for you. 


It produces a finish so smooth and 
so clean, 
It will do the best job that you ever 


Cleaning 


| ¥ 1 Cabinet 


for efficient, low-cost cleaning of metal 
parts. Cleans pieces up to 35” x 60” 
in size. Models from $319 and up. 


er eA, 

















Pangborn 
Blast 





For details, write: 
PANGBORN CorpP., 1700 Pangborn Bivd., 
Hagerstown, Maryland 


BLAST CLEANS CHEAPER 


with the right equipment for every job 


50th Anniversary 
Medallion 








For more information, Circle No. 331 
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niques generally recommended for 
the fully austenitic steels. No special 
methods are required. 

Typical applic ations for the alloy 
include mixing tanks, heat ex- 
changers, process piping, bubble caps, 
metal cleaning and pickling tanks, 
spray pickle equipment, etc. The find- 
ings of the ASME are expected to 
further widen the applications for 
this steel. 

Carpenter No. 20 Cb is a rela- 
tively new, super-corrosion resistant 
steel distributed in the forms of 
sheet, plate, pipe, tubing and bar by 
The Carpenter Steel Company's Alloy 
Tube Division, Union, N. J. Car- 
penter No. 20 without Columbium 
is available in bar, wire, strip and 
billet forms from the company’s main 
plant in Reading, Pa. 


Armour Sponsors 


Industrial Reactor 


The first nuclear reactor for indus- 
trial research will be established at 
Armour Research Foundation of IIli- 
nois Institute of Technology, Chi- 
cago, Dr. Haldon A. Leedy, Founda- 
tion director, disclosed. By offering 
direct benefits to industry through a 
new research tool, the proposed re- 
actor promises to be a major advance 
in the technology of the Chicago 
area, Leedy said. 

Plans for the reactor—or ‘atomic 
pile’ —are being submitted to the 
Atomic Energy Commission for con- 
sideration of the design, building 
plans, and schedule of operation. 
Chicago area industries will join the 
Foundation in financing the reactor 
and associated equipment, which will 
cost approximately $500,000. The re- 
actor will be housed in a new 8000- 
sq ft building on the Illinois Tech 
campus. 

The proposed reactor, designed for 
50,000 w, is specifically a highly 
flexible neutron and gamma source, 
and is not intended for research on 
reactors themselves or for the genera- 
tion of electrical power, according to 
Dr. Richard F. Humphreys, manager 
of the physics research department, 
who is director of the project. 

The reactor will permit investiga- 
tions into such fields as: sterilization 
of foods and drugs; high polymer 
studies of the structure of plastics, 
rubber and similar materials; glass 
and ceramics; wear and friction stud- 











lo . sbatib’ 
FOR ALL 
HEAT-DEPENDENT 


OPERATIONS 


ot Li 8a 


Sixty-three different com- 
positions enable you to 
determine and control 
working temperatures 
from 113° to 2000° F. 
TEMPILSTIK°® marks on 
workpiece “say when” by 
melting at stated tempera- 
tures—plus or minus 1%. 


ALSO AVAILABLE 

IN LIQUID AND PELLET FORM 

..- WRITE INDUSTRIAL DIV. 

FOR SAMPLE TEMPIL® PEL- 

LETS...STATE TEMPERATURES 
\ OF INTEREST—PLEASE! 





2 CORPORATION 
132 WEST 22ND STREET 
m NEW YORK 11, N. Y. 
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EVERY 


NUMBER 
LEGIBLE 
because of die cast 
print wheels 
.780 

















The mechanical brain of a Burroughs 
Corporation business machine cannot afford 
mistakes . . . every number must print in perfect 


alignment and be clearly legible. Helping 


Burroughs chose 


Kux 


die casting machines 


for production of these finely detailed parts 


Burroughs provide this unerring accuracy are 
radially cored die cast print wheels containing 
the numbers. These small print wheels, 
requiring machine tool precision and close 





tolerances, are made on KUX die casting 
machines. KUX machines were chosen because 
they can be depended on for casting parts of 
exacting dimensions with fine detail. Burroughs 
says production of print wheels has increased, 









“AND A BETTER PRODUCT IS OFFERED 
MORE ECONOMICALLY.” 





The wheels are cast on the Model K-7 vertical 
MODEL K-5, left, MODEL K-7 


Air operated machines with 25 tons die 
locking pressure and 13’ x 6” space 
between tie bars. Weight of metal per 
shot up to 3 Ibs. of zinc. Manual or 
electrical push button controls. 


type center shot machine which is specifically 
designed for production of castings with inserts. 
Like the Model K-5, left below, both machines 
are massively built to withstand the high 
pressures required to produce at high speeds 
small, solid, dense castings having hardware | a: 


‘E @ | 
(| 


COMPANY 


IN 6725 Ridge Avenue 
Chicago 26, Ill. 


quality finishes. Write for detailed specifications. 
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Using 
Woven Wire 
Conveyor Belts ? 





get to know your 
Cambridge man! 


Every Cambridge Sales Engineer- 
both in the field and the home office 

is thoroughly trained in every phase 
of wire belt engineering. 

That means he’s equipped to give you 
complete, accurate advice and recom- 
mendations—based on our years of 
leading the development and applica- 
tions of woven wire conveyor belts. 
You can be sure that the belt he 
recommends for you will give top 
performance, because every Cam- 
bridge belt is selected and fabricated 
to meet individual requirements. No 
two belts are alike. The belt you buy 
is designed for you alone. 

Moreover, every step of belt fabrica- 
tion at the plant is closely inspected 
to make sure the finished belt meets 
rigid specifications for size, mesh 
count and mesh opening. 

So, for complete satisfaction with belt 
performance—get to know your Cam- 
bridge man. He’s listed under ‘“‘Belt- 
ing-Mechanical”’ in your classified 
phone book—or write us direct. 





IF YOU'RE NOT USING WIRE BELTS 
let us tell you how they can boost 
production and cut costs by combin- 
ing movement with processing. No 
obligation, of course. 











FREE CATALOG 


Gives complete specifications for 
Cambridge wire belts, provides 
you with background knowledge 
for discussion with your Cam- 
bridge Sales Engineer, 


The Cambridge 










Dept. A °* Cambridge 11, Md. 


+ + 
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OFFICES IN LEADING INDUSTRIAL AREAS 


wike 
CLOTH 
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ies; the development of metals and 
alloys; and medical techniques for 
diagnoses and therapy 

At present, there is only one re 
actor not devoted to AEC work—a 
10,000-w reactor at North Carolina 
State college. At least three more 
are being planned for educational 
and college research, but the Armour 
Research Foundation reactor is the 
first directed toward industrial re- 
search. 

“Sponsored research will be sub- 
ject to no security classification, no 
competition from military applica- 
tions, no secrecy of any kind other 
than that called for in the protection 
of the individual sponsor's pro- 
grams,’ Humphreys said. 

Fuel for the reactor will be ob- 
tained from the Atomic Energy Com- 
mission on “extended loan,” as re- 
quired by law. The fuel will be 
granted only after careful inspection 
by the AEC. 

Armour Research Foundation wil! 
assume about one-third of the invest- 
ment. Industries in the Chicago area 
are being invited to participate in 





LOW COST HEAT TREATMENT 


of small and medium size parts owns 


@ EF chain belt furnaces are the most satisfactory 
heat treating equipment yet devised for carbon restora- 
tion, scale free hardening and hardening without de- 
carburization of small and medium size parts. Built in 
11 standard sizes for capacities up to 2,000 Ibs. per hour. 
Larger sizes to meet any requirement. Gas-fired, oil-fited 
or electrically heated, whichever best suits your par- 
ticular requirement — and location. Estimates of equip- MENTS 
ment, installation and operating costs—and samples of 
treated parts—furnished promptly. Write for literature. 


© CARE LIESGE BA 














Canadian Associates * CANEFCO LIMITED + Toronto 1, Canada 
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the construction of the facil 
subs¢ riptions of $20,000. for wi 
they will receive many benefi 





Humphreys explained that 
actor will make possible: 1 
tion of short-lived radioisotopes ¢! 
would be impractical to procure fr 
distant government laboratories s 
as Oak Ridge; 2. neutron activation 
new and powerful technique usd 
for the most sensitive chemical analy. 
sis now known (by this method, wea 
studies, non-destruction testing, 
other difficult studies become Pos 
sible) ; 3. neutron diffraction for uy 
in structure analysis that exceed 7 
standard x-ray techniques; 4. radix. 7 
tion-induced effects in plastics, glasses : 
organic systems, and metallic alloys 
5. studies on effects of radiation on 
biological and chemical systems 





CASTS Paseo aA 


An extensive research program ¥ 
be conducted by the Foundation 
problems of specific interest to t 
participating industries. Results 
this research, including any inver 
tions that may arise, will be mac 
available to the participants. 


EF 


GAS-FIRED 
OIL-FIRED 
and ELECTRIC 


FURNACES 
for 


AGING 
ANNEALING 
BRAZING 
CARBON 
RESTORATION 
CARBURIZING 
CERAMIC 
DECORATING 





HARDENING 
HOMOGENIZING 
MALLEABLIZING 
NORMALIZING 
NITRIDING 
SINTERING 


SOLUTION 
TREATING 


SPECIAL ATMOS- 
PHERE TREAT- 


A SIZE AND TYPE 
OF FURNACE 
FOR EVERY 

PROCESS 
PRODUCT OR 
PRODUCTION 
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One wash many uses... 



















saves you time and money 
























g, and ZIRCONITE* Paste Wash is called a “universal” 
a : wash. To be specific, here are a few of its many 
applications in steel, iron, bronze, aluminum 
aaa and magnesium foundries: 
v 1aSSE 4 é 
san on For green and dry sand cores and molds, 
: metal chills, permanent molds, stirring 
m will fa rods, skimmers, thermocouple tips, crucibles, 
ion ladles, runners, furnace spouts and heat 
O {i . - . 
" treating furnace brick. 
| It also is used successfully as a patching 
material for cores, ladles, furnace linings, 
and similar applications. 
The proof of performance is in its properties. It 
will not fuse with molten metal, it resists metal 
wetting, prevents metal penetration and produces 
rD smooth casting surfaces. 
D 
RIC 
ES 
] 
YN . 
| S 
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NG pak f°! 
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: TAM 
PRODUCTS 
: R Registered U.S. Pat. Off 
2S- Py. Re oA, TITANIUM ALLOY MFG. DIVISION 
AT. WS a7 ” tha, d NATIONAL LEAD COMPANY 
ee eh a Le 5 aX 0 ws Executive and Sales Offices: 
ry PE Seen oe Pp: ys Qo 111 Broadway, New York City 
E 6 Ne Pe wy Oi BF j 
' re ts, 734: pipe. - a PY % General Offices, Works and Research Laboratories: 
y *# ed ~ XK r= ed yy Ane See Niagara Falls, New York 
tap ene SA, > Ce PRR re * 
r “™ . * >. & ‘et ZR ‘ ba ¥ 
R ene hed te wy *s © ” t4 s ; 3 : 
ee. > © ae et oat Bie hc 2 7 a's . ; - - smite 
N Kon CON + Pee SS When you write tor detailed data and prices, ask about ZIRCONITE* 
"BA 2 Sag > ed , aaa ‘ 
ah ALR LS Sand and Flour. They are time and money savers, too. 
es o-, * a é / : 
Seat se *Registered trademark 
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A SPECIAL REPORT ON PROTECTIVE FINISHES 


FOR ALUMINUM 


Most aluminum producers and fabricators are well aware 


of the superiority of chemical finishes over anodizing for 


the protection of aluminum from corrosion. Naturally, 


then, there is a running battle for acceptance among the 


leading producers of the protective chemical finishes. 


That’s why, here at Allied, we have 
always studied your needs with regard 
to both our own and competitive pro- 
cesses. We’re constantly trying to pro- 
duce new and better finishes because 
we believe there’s always room for 
improvement even to our own 
products. Some years ago this policy 
led to the introduction of a process, 
long in development, that offered you a 
way to overcome anodizing’s obvious 
technical complications... Iridite #14. 
This finish was far easier to use than 
anodizing, yet provided comparable, 
if not superior, quality. And, its cost 
was much less than anodizing. 


But other finishes offering similar ad- 
vantages over anodizing have entered 
the market. So... . the current battle 
for acceptance. By any cost comparison 
Iridite #14 is the most economical. 
However, corrosion tests by users show 
contradictory results as to performance 
from Iridite #14 and other leading 
protective finishes for aluminum. Most 
tests show Iridite #14 superior, but 
some do not. The margin of difference, 
however, is always small. The truth 
is that all have proved good. However, 
our laboratory research indicated that 
still further improvements could be 
made. 


That knowledge ... plus our aim to 
give you even better protection and 
maintain the leadership of the industry, 
is exactly why Allied Development 
Engineers have been working for long 
years to develop a better finish than 
any of those now available, including 
our own Iridite #14. 


Now the new finish is ready for you. 
It’s called Iridite # 14-2 (Al-Coat). 


From a performance standpoint, Iridite 
#14-2 gives you two important advan- 
tages in the protective finishing of 
aluminum. 


FIRST: in its fully colored brown 
film stage it provides corrosion 
resistance decidedly superior to 
previous processes. 


SECOND: the basic brown film can 
be hot water bleached to produce a 
clear-type film with protection here- 
tofore unobtainable from clear-type 
chemical finishes. 


From an operating standpoint, new 
Iridite # 14-2 gives you three important 
advantages. 

FIRST: it provides consistently 
( Adv.) 


higher corrosion resistance for dif- 
ferent aluminum alloys treated in 
the same bath. 


SECOND: it provides a_ more 
uniform appearance for parts of 
different alloys and with varied 
surface finishes before treatment. 


THIRD: its operating and technical 
characteristics are superior to those 
of other processes. 


If you are using or planning to use 4 
chemical finish for aluminum, you 
should have full details on new Iridite 
# 14-2. Write us or send samples for 
free test processing. Or, for more im- 
mediate advice, call your Iridite Field 
Engineer. He’s listed under ‘Plating 
Supplies” in your classified telephone 
book. ALLIED RESEARCH 
PRODUCTS, INC., 4004-06 EAST 
MONUMENT STREET, BALTI: 
MORE 5, MARYLAND. 


P. S. Even new Iridite #14-2 will & 
constantly measured against both youl 
needs and competitive processes t0 
make sure you get the best possible 
most economical finish for your produc 
that man and the laboratory cal 
develop. 


For more information, turn to Reader Service Card, Circle No. 305 
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